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PREFACE 


vkJMt handbook sftonstitutes Part Three of a planned aeries on Military Pyrotech- 
nicHByorms part of-fhe Engineering Design Handbook Scries of the Army Mate- 
riel Ct^Sttbnd. Pari Threo'is devoted to the presentation of data on the principal 
ingredients^H|^urotechnic compositions. The information is presented on data 
sheets, repi eswtthWL total of 128 ingredients . „ The data presented here have been 
collected from mai^tr’0|^ea ar. d p.re intended ^o facilitate reference and the mak- 
ing of calculations by cnW£^ttt|^engineers an<^ phy/icists in the field of pyrotech- 
nics. A single reference list^^fltafe^^he main sources of data, is included and 
each reference is keyed in by nurrACT^WtJJJJfc^iriate entries on the data sheets. 
References that pertain only to a specific data end of the data 

sheet, under Additional References. 


Part Two, a separate handbook with the same date of publication, deals with 
the problems of safety in the pyrotechnics laboratory and plant, processing proce- 
dures and equipment, particle size procedures, and contains a glossary of terms. 


Part One, under preparation at the time of publication of Parts Two and Three, 
will deal with the physical and chemical theoretical aspects of the production of 
pyrotechnic effects, and the application of the theorv to practice. It will also in- 
clude a history of the pyrotechnic art and an extensive bibliography. 

A. future volume, currently in the planning stage, will be devoted to discussion 
of methods used in the evaluation of pyrotechnic items, determination of their com- 
pliance with the requirements of the using services, special equipment and proce- 
dures which are followed in tests and evaluation, and considerations affecting the 
interpretation of results. 

Material for Parts Two and Three was prepared by McGraw-Hill Book Company 
for the Engineering Handbook Office of Duke University, prime contractor to the 
Army Research Office- -Durham. The entire project was under the technical guid- 
ance of an interservice committee, with representation from the Army Chemical 
Center, Ballistics Research Laboratories, Frankford Arsenal, Harry Diamond 
Laboratories, Picati.uiy Arsenal, U. S. Naval Ammunition Depot (Crane), U. S. 
Naval Ordnance Laboratory, and U. S. Naval Ordnance Test Station. Chairman of 
this committee was Mr. Garry Weingarten of Picatinny Arsenal. 

Agencies of the Department of Defense, having need for Handbooks, may sub- 
mit requisitions or official requests directly to Equipment Manual Field Office (7), 
Letterkenny Army Depot, Chamber sburg, Pennsylvania. Contractors should sub- 
mit such requisitions or requests to their contracting officers. 

Comments and suggestions on this handbook are welcome and should be ad- 
dressed to Army Research Offtc*-- Durham, Box CM, Duke Station, Durham, North 
Carolina 27706. 
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ACETONE, (CH,) s CO 

(Dimethyl Ketone, 3-Ketopmpane, 2-Pro penone, Pyroaeetie Ether) 

0 


Structural Formila: 
Specification No.: 
Molecular Weight : 
Crystalline Form : 
Color: 

Density, g./ ml.: 


H.C-&-CH, 

JAN-A-489 

58.03 

liquid 

colorless 

(liquid) 0.792 at 4-20°C 


Coefficient of Thermal Expansion, cubical at 20°C : 1.487 X 10'* 
cubical atO-54°C : V, =’ V« (1 + l-3240t* + 3,8090tr* -0.87988t •) 

Heat of Formation, Kcal./mole at 298°K: (liquid) -59,240 

Free Energy of Formation, Kcal./mole at 298°K : -37,120 


Entropy, cal./deg./mole at 298°K : 

at B.P. (ideal gas) : 

Melting Point: 

Heat of Fusion, cal.(15°)/g.: 

Boiling Point: 

Heat of Vaporization, cal./g. at 56.1°C : 

cal./moie: 

Transition Point: 

Heat of Combustion, Kcal./mole at 20°C and 
1 atm.: 

Heat of Sublimation: 

Autoignition Temperature, in air: 


47.9 

72.7 

177.6°K (-96.5°C) 
23.4 

S29.5°K (66.5°C) 

124.5 

8952 ± 1 


700°C 

1113°F 


Enthalpy Change of Enolization at 26°C : 

Me*CO (liquid)— +CH, = CMeOH (liquid) Kcal./moIe: 

HEAT CAPACITY OF ACETONE 


Set I, 

Reverse-flow Calorimeter, 

760 nyn. 


t, °C 

61 

75 

90 

105 

T, °K 

334 

348 

363 

378 

c,, cal./g./deg. 

0.375 

0.374 

0.380 

0.384 

C,. cal./mole/deg. 

21.8 

21.7 

22.1 

22.3 

t,°C 

120 

135 

155 

165 

T, °K 

398 

408 

428 

438 

c„, cal./g/deg. 

0.390 

0.898 

0.416 

0.420 

C,. cal./mole/deg. 

22.7 

23.1 

24.2 

24.4 


Addnl. Ref. 4 
Addnl. Ref. 5 
Addnl. Ref. 5 
Addnl. Ref. 6 
1 
1 
1 

1,42 

Addnl. Ref. 7 


71 

76 

Addnl. Ref. 2 
7 


Addnl. Ref. 1 


‘sstPtif, (page 2) 

Set II, Direct-flow Calorimeter, 760 mm. 

594 7?i 99T 149.4 

T, °K 332.6 347.8 372.3 '22.6 

c p . eal./g./deg. 0.376 0.374 0.380 0.406 

Cf, cal./moie/deg. 21.8 21.7 22.0 23.6 

See also Addnl. Kef. 8 


Decomposition Temperature and Products : Between 606° and 632°C, the prod- 
ucts of decomposition are about *4 saturated hydrocarbons and hydrogen, 
% CO, and the remainder CO a ana ethylene. 

Vapor Pressure: 


Press, mm. 

1 

10 

40 

100 

400 

760 

M.P. 

Temp. °C 

-69.4 

-31.1 

-9.4 

-1-7.7 

39.5 

56.5 

-94.6 


X-Ray Crystallographic Data: 

Interatomic Distances and Molecular Configuration 
C-C 1.57 ± 0.04A <C-C-0 123° 

C - O 1.14 Planar 

C-H 1.09 

Hygroscopicity : 

Solubility Data: Miscible in all proportions with water, alcohol, ether. 

Soluble in chloroform. 

Health Hazard : Prolonged or repeated inhalation or contact may have a variety 
of harmful effects although cases of serious poisoning are rare. Also has a 
narcotic effect, usually not chronic. 

M.A.C. : 1000 

Safety Classifications: 

OSM : Class I, flammable liquid (flash point below 20°F) 

ICC : Listed under “Explosives and Other Dangerous Articles” as a flam- 
mable liquid ; red label 

Underwriters’ Laboratory: 90 (gasoline class) 

Fire and Explosion Hazard: Dangerous when exposed to flame. The vapors 
form an explosive mixture with air; explosive range (% acetone by 
volume) 2.66 to 12.3%. Can be ignited by an electric spark. Reacts vigor- 
ously with oxidizing materials. Forms an explosive mixture with high con- 
centrations of hydrogen peroxide. To fight fire use water, carbon dioxide, 
dry chemical, or carbon tetrachloride. For precautions in storage, handling, 
and dispensing, see Refs. 26 and 14. 

Caution: Keep away from fire. 

Electrostatic Sensitivity : Readily ignited by static discharge. 

Use in Pyrotechnics : as a solvent 


52V1, 

Addnl. Ref. 3 


1 


56,85 


1 

12, 25, 29, 14 


12, 25, 26, 14, 
12V75 


14 


Additional References*: 

1) "The Heat Capacity of Organic Vapors. VI. Acetone,” B. Collins et al., 
J. Am. Chem. Soc. 71 , 2929 (1949) 


Acetone, (CH*)*CO (page 3) 

2) “The Heat of Hydrolysis of i-Propenyl Acetate and m-Cresyl Acetate 
and the Heat of Enolization of Acetone," S. Sunner, Acta Chem. Scand. 
11, 1757 (1957) 

8) “Thermal Decomposition of Acetone in the Gaseous State,” C. N. Hin- 
shelwood and W. K. Hutchison, Proc. Roy. Soc. A Hi 245 (1926). Ab- 
stracted in Br. Chem. Abstr. 

4) “Free Energies of Some Organic Compounds,” G. S. Parks and H. M. 
Hoffman, The Chemical Catalogue Co., New York (1932) 

5) “The Heat Capacities of Isopropyl Alcohol and Acetone f rom 16° to 
298°K and the Corresponding Entropies and Free Energies,” K. K. 
Kelly, J. Am, Chem. Soc. 51, 1145 ( 1929) 

6) “The Entropy of Acetone a. '. Isopropyl alcohol from Molecular Data. 
The Equilibrium in the Dehydrogenation of Isopropyl alcohol,” S. C. 
Schumann and J. G. Aston, J. Chem. Phys. 6, 485 (1938) 

7) “The Thermodynamic Properties of Acetone,” R. Pennington and K. A. 
Kobe, J. Am. Chem. Soc. 79, 300 (1957) 

8) “Estimation of the Heat Capacities of Organic Liquids,” A. Johnson 
and Chen-Jung Huang, Can. J. Technol. S3, 421 (1955) 


ALCOHOL, C,H,OH 
(Ethyl Alcohol, Ethanol, Methyl Carbinol, 
Spirit of Wine, Grain Alcohol, Ethylic Alcohol, 
Rectified spirit = 90—95% alcohol) 


Specification No. : MIL-E-463A 

The specification covers grades 1, 2. 6, and 6, of which only grade 2 (min. 
94.9% alcohol by vol.) is used in pyrotechnics. 

Molecular Weight: 

Crystalline Form: 

Color: 

Density, g./ml. : 

Coefficient of Thermal Expansion, cubical at 20°C:i.l2 X 10 * 

V, = V* (1 + 1.012 * + 2.20 X 10-*) (for 99.3% by vol.) 


46.07 
liquid 
colorless 
(liquid) 0.7893 


Heat of Formation, Kcal./mole at 298°K 

% 

See Table a 

Free Energy of Formation, Kcal./mole at 293°K : 

See Table a 
Entropy, Kcal./mole: 

See Table a 


(gas) -56.24 
(liquid) -66.356 

(gas) -40.30 
(liquid) -41.77 


(gas) 

(liquid) 


67.4 

38.4 


Refa. 




a. ENTROPY, FREE ENERGY, AND RELATED QUANTITIES 
ETHYL ALCOHOL IN THE IDEAL CaS STATE AT 
1-ATMOSPHERE PRESSURE 


Addnl. Ref. 5 


(E£=- 52,260 cal. /mole 1 ) 


T 


) S* 

_yo 

A F° * 

lognK * 


cal./deg. -1 

cal./deg.-* 



- A F°/R.T. 

°K 

mole 1 

mole' 1 

cal. /mole* 

cal./mole 1 

2.3026 

298.16 .... 

54.27 

66.45 

68,440 

-40,010 

29.329 

800.00 .... 

64. 34 

66.56 

68,560 

-39,910 

29.075 

400 

58.11 

72.11 

75,500 

-34,310 

18.749 

500 

61.42 

77.12 

82,970 

-28,470 

12.447 

600 

64.43 

81.76 

90,920 

-22,490 

8.191 

700 

67.22 

86.08 

93,310 

-16.390 

5.118 

800 

69.84 

90.12 

108,130 

-104130 

2.796 

900 

72.31 

93.92 

117,330 

-4030 

0.980 

1000' 

74.65 

97.48 

126,910 

+2190 

-0.479 

1100 

76.88 

100.86 

136,880 

8430 

-1.676 

1200 ..... 

79.02 

104.04 

147,080 

14,680 

-2.673 

1800 ..... 

81.07 

107.06 

167,660 

20,920 

-3.517 

1400 

83.08 

109.94 

168,500 

27,170 

-4.239 

1500 

84.92 

112.67 

179,640 

38,410 

-4.867 


* A F° and K are the free-energy change and equilibrium constant, respec- 
tively, for the reaction forming ethyl alcohol from its elements in their standard 
states at T°K. 
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Alcohol, C 2 H 5 OH (page 2) 


Melting Point: 

Heat of Fusion, Kcal./mole : 

Boiling Point: 

Heat of Vaporization, Kcal./mole : 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy: 

See Table b 

Heat Capacity, cal./deg./mole at 298°K : 

See also Addnl. Refs. 2 and 5, and Table b 


me^K (-114.5°C) 
1.200 

S51.7°K (78.6°C) 
9.22 


(liquid) 26.64 


b. HEAT CAPACITY AT CONSTANT PRESSURE, HEAT CONTENT, AND 
RELATED QUANTITIES OF ETHYL ALCOHOL IN THE 
IDEAL GAS STATE 


Addnl. Ref. 5 



(E 2 = 

- 62,280 caL/mole 1 ) 


T 

H° - Eg 

T 

H° 

AH° • 

c? 

°K 

cal./deg. 1 

mole 1 

cal./mole 1 

cal./mole 1 

caL/deg/ 1 

mole 1 

298.16 .... 

12.18 

-48,630 

-66,240 

17.59 

300.00 .... 

12.22 

-48,600 

-66,260 

17.66 

400 

14.00 

-46,660 

-67,260 

21.00 

600 

16.70 

-44,410 

-68,110 

24.09 

600 ...... 

17.33 

-41,860 

-68,780 

26.81 

700 

18.86 

-39,060 

-59,320 

29.18 

800 

20.28 * 

-36,030 

-69,710 

31.25 

900 

21.61 

-32,810 

-60,000 

33.07 

1000 ..... 

22.83 

-29,430 

-60,200 

34.66 

1100 

23.97 

-26,900 

-60,320 

36.06 

1200 

26.02 

-22,240 

-60,370 

37.28 

1300 

25.99 

-18,470 

-80,350 

38.34 

1400 

26.91 

-14,690 

-60.250 

39.27 

1600 

27.75 

-10,630 

-60,190 

40.08 


* a H° is the enthalpy of formation of ethyl alcohol from its elements in 
their standard states at the temperature T. 


Decomposition Temperature: 
Decomposition Products: 


bums to COf and H,0 


Alcohol, C,H,OH (page 3) 
Vapor Pressure: 


Press, mm. 

1 

10 

40 

100 

400 

760 

M.P. 

Temp. °C 

-81.3 

-2.3 

+19.0 

34.9 

63.5 

78.4 

-112 


X-Ray Crystallographic Data: 

Hygroscopicity : 

Solubility Data : Miscible with water and many organic solvents in all propor- 
tions. 

Health Hazard : It is not considered an industrial poison, although large doses 
cause nausea, vomiting, impaired perception, lack of coordination, stupor, 
and even death. Habitual use may cause gastritis, delerium tremens, hal- 
lucinations, peptic ulcers, and hepatic cirrhosis. 

Exposure to concentrations of 5000-10,000 ppm. irritates the eyes and 
mucous membranes. Inhalation produces the same symptoms as ingestion. 
M.A.C.: 1000 

Safety Classifications: 

OSM: Class I 

ICC: Listed under “Explosives and Other Dangerous Articles.” Flam- 
mable liquid ; red label. 

Fire and Explosion Hazard : Readily ignited by fl-jne or static electric discharge. 
Forms explosive mixture with air. 

Explosive limits in air : 

Flash point: 

Autoignition temperature: 


3.28 to 19% alcohol by vol. 
55° F 

799°F (95% ale.) 

738° F (100% ale.) 


For proper storage and handling see Refs. 

To fight fire use COj, dry chemical, or CC1 4 . 

Electrostatic Sensitivity: Can be ignited by static electrical discharge. 
Heat of Combustion, Kcal./mole at 20°C 
and 1 atm.: 

Viscosity, centipoises at 20° C 
(for a’oe. alcohol) : 

Surface Tension, dynes/cm. at 20°C 
(for abs. alcohol) : 

Use in Pyrotechnics: 

See Spec. JAN-S-732 


327.6 


1.22 


22.5 

for shellac solutions 


Additional References: 

1) "Thermodynamic Properties of Ethyl Alcohol,” R. C. Reid and J. M. 
Smith, Chem. Eng. Progr. .47, 415 (1951) 

2) "Estimation of The Heat Capacities of Organic Liquids,” A. Johnson 
and Chen-Jung Huang, Can. J. Technol. S3, 421 (1955) 


12, 25, 26V1, 
29 


14 


12, 26, 14, 91 


14 

1 

AddnI. Ref. 6 
Addnl. Ref. 6 


\ 

1 

* I 

iS 

i 



j 

Alcohol, CjH,OH (page 4) 

5) "Heat Capacities of C,- 6 Aliphatic Alcohols,” G. Sinke and T. DeVries, 
J. Am. Chem. Soc. 75 , 1815 (1958) 

4) “Ethyl Alcohol," U. S. Industrial Chemical Co., Division of National 
Distillers and Chemical Corp., New York (1960) 

, 5) F. Brickwedde et al., J. Research NBS 87 , 270 (1946) 

f (thermodynamic data) 

6) “The Technology of Solvents and Plasticizers,” A. K. Doolittle, John 

f Wiley & Sons, New York (1954) 





ALUMINUM, A3 

(AlDminiim) 


Refs, 



Spedfleafclon No.: JAN-A-667 ’ 

Th* specification cxtvers three types, which vary in parity, and five classes, 
which vary ip granulation tod apparent density. 

’type A — flat dolCes manufactured by grinding or stamping. 

Type B— crswaular or spheroidal particles manufactured by the atomizing 
croues? or by & rinding. 

Type C~ -granular or spheroidal particles manufactured by the atomizing 
process. 


nfoiecuiar Weight: 

Crystalline Form . 

Color , 

Density, g ./ml.: 

Coefficient of Thermal Expansion : 


28.98 

cubic 

silvery white 

(solid) 2.699 at 20°C 
(liquid) 2.382 at 659°C 


Temp. °C 

Coefficient Temp. °C > Coefficient j 

-191 to + 16 

18 36X10* i 

40 - 23.14 X lfr* 

20 

25.6 X 10-* 1 

600 81.50 X 10 c 

Heat of Formation, cal./mole at 298°K : 

(gas) 77.50 

Free Energy Formation, cal./mole at 298°K 

: (gas) 67 801 

Entropy, cal ./deg./mole at 298°K: 

(c) 6.769 



(gas) S9.80 

See Tables a, b, and c 


Melting Point: 


9£2=tl°K(659°C> 

Heat of Fusion, cal./mole* 

2550 

BoP in g Point: 


2720 °K (2447°C) 

Heat of Vaporization, cal./mole: 

70,200 

Transition Point: 


j 

Heat of Transition 


— 

Hear of Sublimation, cal./mole at 298°K : 

77,500 

Heat Content or Enthalpy, cal. 'mole at 298.15°K : 

(solid) 10.94 



(liquid' 7.00 



(gas) 4.97 

See Table a 
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Aluminum, 

A! (pagse 2) 

a. HEAT CONTENT AND ENTROPY OF Al(c, 
(Base, crystals at 298.16°K; atomic wt., 26.98) 

1) 

4 

1 

i 

T, °K 

Hr -Kjtgg.ia 

St — Ss 9 s. i». 

T, °K 

H? - Kfrea.ia 

St~ 82*8..', 



calyianle 

c&lVdeg. 


cai./mole 

cal./deg. 




mole 



mole 

i 

400 . . . 

600 

1,72 

1500 ..... 

10,830 

13.59 


500 . . . 

1230 

3.14 

1600 ..... 

11,530 

14.04 


600 . . . 

1890 

4.34 

1700 ...... 

12,230 

14.46 


700 . . . 

2580 

5.40 

1800 

12,980 

14.88 

1 

800 . . . 

33i0 

6.38 

. 1900 ..... 

13,680 

15.24 


900 . . . 

4060 

7.26 

2000 .... 

14,330 

15.60 


932 (Cj> . 

4280 

7.50 

2100 

13.030 

15.S4 

\ 

932 (1) . 

. . 6 850 

10.26 

2200 ..... 

15,7,30 

16.27 

■'i 

j 

1000 . . . 

7380 

10.75 

2300 

16,430 

16.58 

s 

1100 . , . 

BOS'" 

11.42 

2400 

17,130 

16.88 

j. 

1200 . . 

8780 

12.03 

2500 

17,830 

17.16 

1 

1300 . . . 

. . • 9480 

12.59 

2600 ..... 

18,580 

17,44 

1 

1400 . . . 

10,130 

13.11 

2700 

19,230 

17.70 

i 

Al(e) : 


1 


Enthalpy : H T - H» 8 . lf =4.94T + 1.48 X 10 *T 2 - 1604 (0.6 percent • 29S° - 9S2°K) 
Heat Capacity : C p = 4.94 2.S6 X 10'*T ; A H 982 (fusion' = 2570 

Al(l) : 

Enthalpy: lo ==7,00 + 330 70.1 percent ; 932“ -2700°K) 



Aluminum. A1 (page 3} 

b. HEAT CONTENT AND ENTROPY OF Al(g) 

(Base, ideal gas at 298.15°K; atomic, wt., 26.98) 

4 

T,°K 

St - S 2 9g K6 

T. °K l 

rx 

s 

Q 

A-~ ^2*9.15 

cal./mole 

cal. /deg. 


cal./mole 

ad. /deg. 


mole 




nioie 

400 515 

1.49 

1900 

7995 


9.27 

ECO 1020 

2.62 

2000 

8490 


9.53 

600 1520 

3.53 

2200 

S485 


10.C0 

700 2020 

4.30 

2400 .... 

10, 


10.43 

800 ..... 25/0 

4 £V» 

*4.0 • 

2600 ..... 



10,33 

950 3020 

5.55 

2800 ..... 

12,47f 


11.20 

1900 3515 

6.08 

3000 

13,460 


11.54 

1100 4015 

6.55 

3500 

15,950 


12.31 

1200 .... 4515 

6.99 

4000 .... 

18,440 


12,9!? 

1300 5010 

7.38 

4500 ..... 

20,950 


13.57 

1400 ..... 5510 

7.75 

5000 

23, 4-0 


14.10 

1500 ..... 6005 

8.10 

6000 ..... 

28,790 


15.07 

1600 ..... 6505 

8.42 

7000 

34,640 


15.97 

1700 7000 

8,72 

8000 

41,440 


16.87 

1800 7500 

9.00 






Al(g): 





Enthalpy : H T - H MB , i» ~ -197T 

0.12 x 10T 1 - 

- 1442 (0.1 percent 

198° - 5000° K) 



Heat Capacity : C„ = 4.97 -i- 9,12 X 10 T - * 





c. HEAT CAPACITY OF ALUMINUM* 


5 


Sot.d tram 298° to 9S2°K 




Liquid from 932° to 272U°K 




Gas from 2720° to 3C90°K 




T, °K 


0/ (cal./deg./mole) 



2S8 


5.82 




400 


6.12 




600 


6.72 




bOO 


7.31 




1000-2700 


7.00 




2800-3000 


4.9? 




*See also C 

, equations directly above 




Decomposition Temperature: 


— 




D composition Products: 


— 




Vapor Pressure: 






Press, mm. 1 10 

n/4 1091 14 0 

40 106 400 730 M.P. 

M. 



Temp. °C 1284 1487 1635 1719 1947 2056 660 


i 


19 


Aluminum, AI <page 4) 


X-Ray Crystallographic Data: 

System Space Group a Mole -ides/ Unit Cell 

cubic 0£ 5.43A 4 

Hygroscopicity, cumulative increase in weight after: 




Atomised 

Stamped. 


Storage over II 2 0 for 29 days: 

55.2% 

0 6% 


Storage over H-.SO, fox 29 : 

50.2% 

0.0% 


Two days in oven at 105°C : 

Solubility Data : In alkali ; hydrochloric, 

47.8% 

-1.4 % 

\ 

sulphu ric acids : 

soluble 



In nitric acid, acetic acid : 

insoluble 



! * 


s 

t 



Health Hazard : None. Not usually considered an industrial pofcon. Aluminum 
dust can irritate the eyes. Inhalation of dust may cause chronic pulmonary 
disease. 

M.A.C. ; 50 million particles/ft. 3 

(15 mg./m.*) 

Safety Clarifications : 

GSM : Class 1. Class 2 when not packed or stored in original shipping con- 
tainers or equivalent (types I and II). 

U.N. : Inflammable solid, which in contact with water emits flammable gas. 

Fire and Explosion Hazard : Dust may ignite when exposed to heat of flame. 
May ignite by chemical action with oxidizers. Powder easily ignited or 
initiated to explosion by discharges of static electricity. See Electrostatic 
Sensitivity below. 

Caution: Keep water away. Evolution of hydrogen gas may result in explo- 
sion. When compounded with oxidizing agents, the powdered metal is a 
dangerous fire and explosion hazard. Special mixtures of dry chemicals 
should be used to fight aluminum fires. 

See also Ref. 86 

c Irostatic Sensitivity : Minimum energy required for ignition of powder by 


Hectric sparks (millijoulea) 

Dost Cloud Dust Layer 

Atomized : 15 2.5 

Stamped: 10 1.5 

Ignition Temp, of Al powders, °C : 

Dust Cloud Dust Layer 

Atomized : 340 750 

Stamped : 550 470 


Minimum Explosive Concentration, mg./l. : 

Atomized : 40 

Stamped • 35 

Used in Pyrotechnics: Alurrmu >'s used as a fuel. It produces an intense white 
light on burning, but no distinctive flame coloration. 

Additional References : 
t) Ref. 64 
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51 


1 

12 


25 

14 

15 

12, i4, 49, 51 


26 


26 


26 

17, 20 


tdi 


ALUMINUM OXIDE, Al s O, 

{AlnmiKa, a-Alumina, Corundum, Alundum) 


Refs. 


Permit Oxygen: 
Scarification No. : 
Molecular Weight: 
CrystalMne Form ■ 
Color: 

Density, {./ml, : 


47.08 

MIL-A-10825 

101.96 

hexagonal 

colorless 

(solid) 8J9 
(liquid) 2g?6-262S 'K 
5.682 -1.127 x 10-*T 


Alumina may exist in several forms at low temperature, but they are all 
converted to a-alumiri. (corundum) by heating above 1800°0 7 ne change 
is irreversible. 

p - Alumina is an impure form that recurs fr »m sodium cr potassium alu- 
mirate. 


Form 

Crystalline 

Structure 

Density 

Course 

Temp, 'if Trans- 
formation to 
corundum, °C 

« ■ 

hexagonal 

3.935 


stable form 

r 

spinel typ* 

— 

dehydration of v 
(hydrous' A1 2 0» 

> 120d 

/ 

» 

cubic 

8.619 

electrolytic oxi- 
dation of A1 

750-1000 

t 

hexagonal 

2.40 

dehydration of 
AlCli*6HsO 

950 

e 

cubic 

— 

electron diffraction 

— 

£ 

octahedron 

S* 

from lithium melts 

> 1600 


i 

81 A 

Addnl. lief. 5 


Coefficient of Themial Expansion, inear for alundum, 

26°-900°C : ^ 8.7X10-* 

Heat of Formation, Real ./mole: (corundum) a (c) -899.09 

y(c)-384.84 

See Table ». 

Free Energy of Formation, Kcal at 298°K: (corundum) -876.77 
See Table a 



81 

9 

9 


12 


Aluminum Oxide, AJ a O, (page 2) 


Heat and Free Energy of Formation: 

a. HEAT AND FREE ENERGY OF FORMATION OF 
AljO* (CORUNDUM) 


u 

o 

H 

, 

A H (cal./mole^ 

A F° (cal, /mole) 

298.16 .... 

-399,600 (rfc 900) 

-377,300 (±900) 

400 

-399,700 

-369,600 

500 

-399,600 

-362,100 

600 ..... 

-399,500 

-354,600 

700 

-399,200 

-347,100 

800 

-399,100 

-339,700 

900 

-398,900 

-332,300 

931.7 .... 

-398,800 

-329,900 

931.7 .... 

-403,900 

-329,900 

1000 ..... 

-403,700 

-324,600 

1100 ..... 

-403,400 

-316,700 

1200 

-403,000 

-308,800 

1300 

—102,600 

-300,900 

1400 

402,300 

-293,100 

1500 

-401,900 

-285,400 

1600 ..... 

-401,600 

-277,600 

1700 

-401,200 

-269,900 

1800 

-400,800 

-262,200 

1900 

-400,400 

-254,500 

2000, 

-400,100 

-246,800 


Phase Changes of Metal 
M. P. f 931.7°K ;AH = 2570 caL/g.-atom 
Energy Equations: 

Reaction Range of Validity, °K 

1) 2Al(c) + 3/2 O a (g) ==Al a O* (corundum) 298.16 to 931.7 

A F i ••= - 404,480 - 15.68T log T + 2.18 (10-*T*) + 3.935 (MPT 1 ) + 123.64T 

2) 2A1 (1) + 3/20,. (g) = A1*0, (corundum) 981.7 to 2000 

A F | - 407,950 - 6.19T log T - 0.78 (lO-'P) +3.935 (10*T l ) +102.37T 

Entropy at 298°K, cal. /deg./mole (corundum) : 12.186 

See Table b 

Melting Point: 2313°K (2040°C) 

Heat of Fusion, Kcal./mole : 26.0 

Boiling Point: 2523° K (2250°C) 

corundum (a- alumina) 8773°K (3500°C) 

Heat of Vaporisation : 
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Aluminum Oxide, A! 5 Oj (page 3) 

Transition Point : 

Heat of Transition: 

Heat of Sublimation: 

Heat Content or Enthalpy: 

b. HEAT CONTENT AND ENTROPY OF Al 4 0 8 (e) 
(Base, corundum at 298.15°K) 


T,«K 


H t -H» 


T, °K 




Enthalpy: H,- H Mt) . 15 = 27.49T + 1.41 X HHT* -f 8.38 X 10'T- 1 - 
(0.6 percent; 298° - 1800°K) 

Heat Capacity: C„ = 27.49 + 2.82 X 10~*T-8.S8 X 10 S T* 


■11,132 


Heat Capacity, cal./deg./mole : 

See Table b for equation 
Decomposition Temperature : 
Decomposition Products : 

For DTA see Addnl. Ref. 4 
Vapor Pressure: 


(solid) 18.88 

3800°K ± 200 
2A10 (gas) -f O 


X-Ray Crystallographic Data (a-corundum) : 

System Spaev Group a c Molecules /Unit Cell 

hexagonal D&, 5.66A 22.55A 2 

Hygroscopicity : Powdered Al 5 O s readily absorbs moisture from the air. 
Solubility Data: 

In water at 29°C : 0.000098 g./lOO g. 

In hot water: insoluble 

In acids and alkalies : very slightly soluble 


St — S 4 



cal./mole 

eal./deg. 

mole 


cal./mole 

cal./deg. 

mole 

400 .. . 

2150 

6.17 

1300 . . . . 

27,730 

38.87 

600 .. . 

4680 

11.59 

1400 . . . . 

30,800 

41.14 

600 .. . 

7200 

16.S6 

1500 . . . . 

33,890 

43.27 

700 . . . 

9960 

20.61 

1600 .... 

36,990 

45.27 

800 .. . 

12,810 

24.42 

1700 .... 

40,100 

47.16 

900 .. . 

15,720 

27.84 

1800 .... 

43,220 

48.94 

1000 . . . 

18,670 

30.95 

1900 .... 

46,360 

50.63 

1100 . . . 

21,660 

33.80 

2000 .... 

49,490 

52.24 

1200 . , . 

24,680 

36.43 




A1 2 O s (c) : I 


Press, mm. 

1 

10 

40 

100 

400 

760 

M.P. 

Temp °C 

2148 

2385 

2549 

2665 

2874 

2977 

2040 


Aluminum Oxide, AJ s Os (page 4) 

Health Hazard : High ct ncentraticms of dust may be irritating to the respira- 
tory tract and cause Shaver’s disease. 

M.A.C. ; 50 million particles/ft.® 

Safety Classifications : 

Fire and Explosion Hazard: 

Electrostatic Sensitivity : 

Use >n Pyrotechnics : A small amount of alit .nina added to powdered red phos- 
phorus maintains it in a free flowing condition and free from lumps. 
Aluminum r ide is formed when aluminum or any of its compounds are 
burned in air, or in a sufficient amount of oxidizer or oxygen. 

Additional References: 

1) A. D. Mah, J. PLys. Chem. 61, 572 (1957) (gives the value for Heat of 
Formation as ~ 400.48 ± .25 Kcal./mcle) 

2) “The Gaseous Species of the A1-A1 2 0 8 System,” L. Brewer and A. 
Searcy. J. Am. Chem. Soc. 73, 5308 (1961). (disassociation pressures) 

3) Ref. 64 

4) “Differential Thermal Analysis of Organic Compounds,” A. T. Perkins 
and H. L. Mitchell, Trans. Kansas Acad. Sci. 60, 437 (1957) 

5) "The Density ox Liquid Aluminum Oxn e,” A. D. Kirshenbaum and J. A . 
Cahill, J. Inorg. Nucl. Chem. H, 283 (1960) 
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Spec. MIL- 
10826 


.SJLBJL4 


MJL-D-S698 

223.23 

needles 

red 


I.AMDNOANTHRAQUINONE, Q.H.NO, 

( l-Amino*9,10-DUiydrO'9,10-Dioxo«si!tbracene; 

Fast !tea Al; a-AnthraquiponYiamiiie, C.L 37275, Azo ic Component 36) 

0 NH, 
i) I 


Structural Formula: 

Specification No,: 

Molecular Weight: 

Crystalline Form: 

Color: 

Density: 

Coefficient of Thermal Expansion: 

Heat of Formation: 

Free Energy of Formation: 

Entropy: 

Melting Point: 

Heat of Fusion : 

Boiling Point: 

Heat of Vaporization, KcsL/mole at 298° K 
anu 1 atm.: 

Transition Point: 

Heat of Sublimation: 

Heat Content or Entnalpy: 

Heat Capacity: 

Decomposition Temperature: 

.’or DTA and TGA see Ref. 81 
Decomposition Products : 

Vapor Pressure: 

X-R.;y Crystallographic Data: 

For absorption spectra see Ref. 63 
Hygroecopicity : 

Solubility Data: 

In water, g./10C g. at 26°C : 

at80°C: 

In ether, chloroform, benzene : 

In glacial acetic add, 1 1. at 11.5°C : 


1, 84. 48A 


88V14 


626°K (252°C) 
526°K(26S°C) 

sublimes 

28.7 dt 0.1 


1, 88V14 


Addnl. Ref. 1 


0.00004 

0.0009 

soluble 

dissolves 3.3 g. 


Addnl. Ref. 2 
1. 28, 88V14 
and V17 




i-Amint anlhraquinone, CuHjNQk (page 2) 
In 92-96% H 2 S0 4 : 

In oleum, 20% SO s : 


dissolves \.ith 
yellow color 

dissolves with 
red color 

dissolves 


In concentrated HC1 : dissolves 

Health Hazard: " 

Safety Classifications: 

OSM ■ not listed 

. not listed 

Fire and Explosion Hazard: 

Electrostatic Sensitivity: 

Use in Pyrotechnics: To color smoke mixtures red. Used in orange smoke 

mixtures. 

Additional References: 

1) “A Radioactive Ionization Gauge and its Application to the Maasure- 
nccnt of Latent Heat of Vaporization,” J. H. Beynon and G. R. Nichol- 
son, J. Sci. Instr. S3 , 876 (1956) 

2) J. Soc. Dyers Colourists 70, 88-77 (1954) 


AMMONIUM NITRATE, NH.NO, 

Percent Oxygen: 60 

Specification No.: JAN-A-175 

The specification covers grade I and grade II, which differ slightly in pur- 
ity. Grade I has three classes differing in granulation. 


Molecular Weight: 
Crystalline Form: 

Five forms as follows : 

80.05 

Designation 

System 

Range °C 

I (e) 

II (8) 

regular (cubic) (isometric) 
rhombohedral or tetragonal 

125.2 to 169.6 

84.2 to 125.2 

III (y) 

orthorhombic 

32.1 to 84.2 

IV (/») 

orthorhombic 

-16 to 32.1 

V <«) 

tetragonal 

-18 to -16 

Color: 


colorless 

Density, g./ml. : 


(solid) 1.725 at 25°C 
r 1.594 at 130+ 5°C 

8 1.668 at 93+ 5°C 
y 1.661 at 40+ 1°C 
p 1.725 at + 25° C 
a 1.710 at -25+ 5°C 

Coefficient of Thermal Exp'.rsion : 


Coeff. X 10* 

677 852 920 

982 1069 1113 

Temp. °C 

-60 -20 0 

20 60 100 

Heat of Formation, Kcal./mole at 298°K : 

(c) -87.27 
-87.93 

Free Energy of Formation, Kcal./mole at 298°K: 

(c) -43.82 

Entropy, cal./deg./mole at 25°C: 

See Table » 

36.0 

Meltinj Point: 


442.8°K (ie9.7°C) 

Hsat of Fusion, Kcal./mole: 

1.3 


Boiling Point: 

Heat of Sublura* _n. 


1.58 

decomposes at 483°K 
(210°C> 


Refs 


1,43 


44 

9 

1A 

Addnl. Ref. 11 
Addnl. Ref. 11 


Addnl. Rei. 9 
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Ammonium Nitrate, N8l 4 NO s ( pujue 2) 


a. 1 \ EAT CONTENT ANT) ENTROPY OF NH 4 MO*(c, I) 
(Base, ^crystals at 298.15°K) 


l 4 


T, °K 

il<r Hsog.ui 
cai./mole 

S T — Sras.js 
cal. /deg. 
mole 

T, °K 

Hr — H»s.lii 
cal. /mole 

St f’aw.is 
cal. /deg. 
mole 

305.3 {a) . . 

240 

0.80 

393.4 (8) . 

4830 

13.66 

305.3 (0) . . 

620 

2.04 

400 ... . 

4900 

13.83 

325 

1180 

3.82 

425 ... . 

6040 

16.60 

350 

1890 

5.92 

442.8 («) . 

6860 

18.48 

357.4 (0) . 

2100 

6.52 

442.8 (1) . 

8160 

21.42 

357.4 (> ; . . 

2420 

7.41 

450 ... . 

8440 

22.05 

375 .... . 

3020 

9.05 

500 .... 

10,360 

26.09 

398.4 ( y ) . . 

3820 

11.12 

550 .. . 

12,290 

29.77 

Enthalpy : SI T 

— Hj588.15 = 33.S0T 

NH*N0,(«): 

- 10,018 (0.1 percent ; 298° - 

305.3°K) 



Heat Capacity : C p = 33.S0 ; A H^.* (transition) = 380 


NH«NO»(/9) : 

Enthalpy: H T - ^*.,5 = 28.40 -8051 (0.1 percent ; 305.3° -357.4°K) 
Heat Capacity : C p — 28.40 ; A H M74 (transition) = S20 


NH«NO„i(y) : 

Enthalpy: H T - H 2P8 . l5 = 34.1 OT - 9767 (0.1 percent; 357.4° - 398A°E) 
Heat Capacity : C P — 34.10 ; A H B#84 ( transition) — 1010 


NH 4 NO,(8) : 

Enthalpy: H T ~Ho, 815 ^--45.60T- 13,337 (0.1 percent ; 398.4° -442.8°K) 
Heat Capacity : C„ — 45.60 


NH 4 N0 3 (1) : 

Enthalpy : H T - = 38.50T - 8887 {0.1 percent ; 442.8° - 550°K) 

Jfeat Capacity : C p == 38.50 

Decomposition Temperature, °C : 210 1, 13 

Decomposition Products : These vary with the conditions of decomposition or 43 
explosion. Many different equations for the decomposition reactions are 
given in the literature. Practically all involve oxides of nitrogen. 

For DTA see Refs. 33, 47, and Addnl. Ref. 10 


Dissociation Pressure: 


Press, mm. Hg. 

3.25 

7.45 

11.55 

15.80 

27.0 41.0 

M.P. 

Addnl. Ref. 11 

Temp. °C 

188 

205 

216 

223 

237 242 

1S9.6 



See also f usd. Ref. 3 
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AaimenSuns *-’ v viMe» JVH 4 NO» (page 3) 

b. X-RAY CRYSTALLOGRAPHIC DATA 


Designation. 

Syvtem 

Space 

Group 

a 

b 

c 

Molecules/ 
Unit CeiZ 

s or I 

cubic 


4.40 



1 

8 or II 

tetragonal 


5.75 


5.00 

2 

y Or: HI 

orthorhombic 

v;* 

7.06 

7.66 

5.80 

4 

J9 or IV 

orthorhombic 

Vi* 

5.75 

5.45 

4.96 

2 

a or V 

rhombic 

vi» 

4,928 

5.434 

5.732 

2 


Hygroc.opjcity : Gain in weight at R.T. for reagent grade, after 24 hrs. exposure 
and to equilibrium in a static desiccator. 


~10L% ' 

‘ 31 

43 

52 

65 

Gain mg./g. 

|24 h*-. Equil. 

! 0 3 0.5 

24 hrs. Equil. 
G.S 0.5 

24 hrs. Equil. 
0.7 1.0 

24 hrs. Equil. 
131.6 


Absorbed at 25°C by 2.0000 (C.P. m; Serial), 40-48 mesh: 

Krs. 3 5V 4 7% 16Vg 


g. H,0 absorbed 0.1284 
Solubility Data: 

Solubility, g./100 g solvent (%) : 


0.2087 


0.2918 


0.6887 


Water 

Alcohol 

Nitric Acid 

Pyridine 

Acetic Acid 

°C % 

°C 

% 

C 

% 

%HNO g 

°C 

% 

°C 

% 

0 

118 



0 

45.1 

30.0 

25 

Approx. 

16.6 

0.0 

20 

132 

20 

2.5 

15 

73.0 

21.7 


20-25 

27.0 

0.39 

40 

297 

40 

5 

30 

106 

20.8 



80.9 

5.8 

60 

421 

60 

7.5 

75 

201 

31.6 



101.0 

20.7 

80 

380 

78 

10.5 






120.0 

125 

100 

871 











32 


Addnl. Ref. 7 
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Solubility, g./lOO solvent. : 

In ethyl alcohol at 20° C : 3.8 

In methyl alcohol at 20 c C : 17.1 

In acetone and NII 4 • slightly soluble 

Health Hazard : Average or large doses may cause nausea and vomiting. Mod- 
erately toxic cn ingestion, or inhalation. 

Safety Classifications; 

OSM : Class 12. “When stored in an area where explosives may be projected 
into the nitrates, the regulations for Class 9 are applicable. When stored 
in ar. area with fire hazards only and separated by inhabited building dis- 
tances from areas containing ammunition, ammonium nitrate may be 
stored in accordance with the regulations governing the storage of Class 
2 solid propellants.” 

ICC : Oxidizing material ; yellow label. 


20 


29 

29. 98 
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Ammonium Nitrate, NH«NOa (page 4) 


Fire and Explosion Hazard; Many disastrous explosions have been attributed 
lo ammonium nitrate. Although it is relatively insensitive as a high expl 
aive by itself, if allowed to burn unconfinad, its tendency to explode in- 
creases with pressure and the presen ;e of oxidizable materials. Contam- 
ination with chlorides, nitrobodiec, sulfur, charcoal, meUuic nitrates, 
metal powders, petroleum derivatives and oxidizable carbonaceous mate- 
rials sensitizes ammonium nitrate, accelerates its tf< opposition ard in- 
creases the violence of the reaction Zinc or lead contami ration lowers the 
decomjxjsition temperature to below 100°C. Galvani :d metals and lead 
solder should, therefore, not be used in the vicinity of ammonium nitrate-. 
Fires involving ammonium nitrate should be vented to the greatest possible 
extent because air acts as a diluent for the hazardous gas eg, minimizing 
the probability of explosion. Fires should lie fought with large quantities 
of water but never with steam. 

See also Addnl. Ref. 12 


Electrostatic Sensitivity : 


Heat of Combustion. Kcal./ nole. Qj: —50.3 

Qg = 49.4 

Heat of Explosion, cal./g. : 346 

gas volume, cc./g. . 980 

Heat and Stability Testa : 

75° C International Heat Test, % loss 

in 48 hours: 0.0 

100°C Heat Test: 

% lose first, 48 hrs.: 0.74 

% loos second 48 hrs.: 0.13 

explosion in 100 hrs. : none 

Vacuum Stability Tests, gas evolved in 40 hrs. 

at 100 e , 120°, and 150°C: 0.8 cc. 

Explosion Temperature Tost, 5 sec. point, °C : ignites at 465 

Rifle Bullet Impact Test (at density of 1 .2 g./ml. ) : unaffected in 100 trials 
Sensitivity to Initiation, g. tetryl needed to initiate : r .25 
Trauzl Teat, % TNT: 56 


Friction Sensitivity: unaffected by steel shoe 

Impact Sensitivity ; Effect, of temperature on ground, C.P. Ammonium Nitrate. 


Temp, °C 


25 

75 

100 

150 

i76 


P.A. Impact Test with 
2 kg. weight, in. 

81 

28 

27 

27 

12 


(10% point) 


12, 30. 14 


Addnl. Ref. 
13 


13 

13 


13 

13 

13 

13 

13 

13 

13 



AwuaMMBtaan Wtoma, JCBUNO* ( page S) 


Speeiilc Hoc*: : at °C -ISO -100 -50 0 50 ii)0 

adyg/^C 0J»® &£»> (K364 Olm 0414 (M28 
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Compatibility with tfetato: In “be presence of moisture, ammonium cerate 

reacts with copper, iron, afcad, brass, foul, J»d cadmium. See AddnL Ref. 1 
Uses in Pyrotechnic* : as an oxidizing agent 

Additional References: 

1) "Military Expiaoivess” YM-9-T011A-1-34, Departments of the Army 
and the Air Force (1955) 

2) “Investigation of Sensitivity of Fertilizer Grade Ammonium Nitrate to 
Explosion,” P. Macy et &I , PATR-1668, Picatinny Arsenal, Dover, N.J. 
(1947) 

3) "The Dissociation Pressure and Free Energy of Formation of Am- 
monium Nitrate," A. D. Little, Inc., J. Am. Chens. Soc. 76 , (1954) 

4) "On the Thermogravimetry of Analytical Precipitates,” C. Duval and 
N. Xuonjr, Anal. Chem. Acta 6, 246 (1952) 

5) DTAandTGA.Ref.38 

6) Ref. 54V2, genera 1 reference 

7) “Hygroscopic Properties of Sodium, Potassium and Ammonium Ni- 
trates, Potassium Chlorate and Mercury Fulminate,” G. B. Ta/lor and 
W. C. Cope, Met. and Chem. Eng. 15 , 141 (1916) 

3) L. Medan! and M. Thomas, M4m. poudres, 35, 155, 160 and 172 (1958) 

9) “The Cryoacopic Heat of Fusion of Ammonium Nitrate,” A. G. Keenan, 
J. Phys. Chem. 60, 1358 (1952) 

10) “Differential Thermal Analysis of the Thermal Decomposition w Am- 
monium Nitrate,” A. G. Keenan, J. Ain. Chem. Soc. 77, 1379 (ISho) 

11) "The Dissociation Pressure and Free Energy of Formation of Am- 
monium Nitrate," G. Feick, J. Am. Chem. Soc. 76, 5858 (1954) 

1 12) “Investigations on the Expkwibility of Ammonium Nitrate,” J. J. Burns 
ct al. P Fur. of Mines, RI 4994 (1953) 

13) “The Thermal Decomposition of Ammonium Nitrate. Steady State 
Reaction Temperatures and Reaction Rate,” G. Feid? and R.M. Rainer, 
J. Am. Chem. Soc. 76, 6860 (1954) 


i 
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AMMONIUM PERCHLORATE, Mf,00 4 


Percent Oxygen : 54.47 

Specification No.: JAN A 392 

The 3pscification covers two grades which differ in purity and two classes 
which differ in granulation : grade 1 is used in tracers ; grade 2 is used in 
HC Smoke Mixtures. 

Molecular Weight: 

Crystalline Form: 

Color : 

Density, g./rnl. : 

Coefficient of Thermal Expansion (cubical) : 


117.50 
rhombic 
colorless 
(solid) 1.95 
fi— <l/v)dV/dt 


Temp. °F . 25 

o. 

25 60 

75 

100 

125 

160 

175 

fl X 1C V°F 1.690 

1.613 

3.638 1.463 

1389 

1.316 

1.244 

1.172 

1.101 


Heat of Itermatin, KcaL/mole at 298°K: 

Free Energy of FonriatioK, c*Vg. at 298°K: 

KcaL/mole : 

Entropy : 

Melting Point: 

Heat of Fusion: 

Boiling Pomt: 

Transition Point: 

Ref. 72 cities « is p at 2g*°C and p to y at 860C. 
See also Ref. 47 
Heal: of Saiilimat'on : 


-39.42 

-8C5 

-78.14 


decomposes above 
423°K a50°C) 

decomposes before fusion 
decomposes* 

* horobic to cub'c 
513°K (240°C) 


Heat Content or Enthjdpy: 

Heat Capacity : 

Decomposition Temperature and Products : Decomposer at a maintained tem- 
perature at 160°C. Decomposition products are N0 8 and CIO*. 

Decomposition begins at l'iO°C, becoming explosive at 380°C The decomposi- 
tion varies with the temperature Below SO0°C, decomposition is m&iniy 
according to the equation : 

4NH 4 C1CW2C1, 4- 30, -1- 8H,0 4- 2N,0 

Above 850° the proportion of nitric oxide increases and becomes appreci- 
able. Above 350° the following equation represents decomposition : 

lONHiClO*-*^ Cl, -+- 2NjO + 2V g NOCl -f HC10, 4- 1 y 2 HC) 
flb«4H,0 + l%N,-f «%0, 

The activation energy for decomposition varies with temperature. The 
following are several values for activation energy : 29.6 Kcii./moie below 
240 °C and 18.9 KcaL/mole above 240° C. Betwoera 400° and 440°C the value 
is 78.4 Real, /mole. 

For DTA see Ref. 47 


1 . 

1 

1 

1 

Addnl. Ref. 4 


9 

13 


20 VS 


9 


14 


85 

Addnl. Refs. 
5,6, 7 


cited by 
Rsf.72 
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AbubmIobi PathlorJite, NH 4 00 4 (page 2) 


Vapor Preasure?: 

X J5ay Crystallographic Data : 

System Space Group a b c Molecules /Unit Cell 

rhombic VJ‘ 9.202 5.816 7.447 4 

9.13 5.17 7.47 4 

D‘4 9.231 5.813 7.453 4 

Hygroampicity : Gain, in mg./g, of a purified sample at equilibrium at 70° F, 
after equilibrium had been established in a vacuum desiccator : 


R.H.% 

( 75 

86 93 

Gain mg./g. 

0.5 0.6 

0.4 0.8 

Critical R.H.: 

Solubility: In water, g./lOO cc. 

87.0% at 25°C 
of saturated solution: 

Temp. °C 

0 25 

60 100 

Sol. 

12 20 

39 88 

Solubility in Nonaquecua Solvents a 25°C 
Solvent 
acetone 

gJIOO g. soh. 'nt 
2.26 


ethyl acetate 0.032 

ethyl alcohol 1.908 

ethyl ether inaol. 

methyl alcohol 6.85 

Health Hazard: Moderate. Irritating to skin and mucous membranes 
Evolves highly toxic fumes when heated to decomposition. 


Moderately toxic on ingestion or inhalation. 

Weak muscular poison ; may cause convulsions. I armful to thyroid. 


Safety Classifications : 

OSM: Class I; Class II when not packed in original containers or equiv- 
alent. 

ICC: Oxidizing material; yellow label listed under ‘ Explosives and 

Other Dangerous Articles.” 

Fire and Explosion Hazard : A powerful oxidizer, explodes violently when heated 
with sulphur, organic matter, oi finely divided metals, particularly mag- 
nesium and aluminum. Exploded by shock. Fim» involving ammonium 
perchlorate xlone may be fought with water. 

Electrostatic Sensitivity : 


Specific Volume : V t = a -f- bt + ct* 
where a = 0.6074 cin.Vg. 

b== 0.819 X 10-* cm.Vf./F 
c=- 0.704 X 10 ’ cm.*/g /(°F) 4 


1 

Addnl. Ref. 8 
97V7 

32 

13 

C5, 77 

12, 65 

93,72 

12, 14 

Addnl. Ref. 4 
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Ammonium Perchlorate, NH4QO4 (page 3) 


Explosive Data : 

Sensitivity: Requires the equivalent of 10 mg, of mercury fulminate or 
an XC-32. Very insensitive as an explosive but more sensitive than Na, K, 
and Mg perchlorates. Drop test — min. : 86 in. for an 11-lb. wt. Insensitive 
to severe friction. Heating small quantities does not result in an explosion. 
The temperature developed on explosion is 1308°C and the heat liberated, 
344.5 cal./g. 

Bri fiance : Trauzl lead block test, expansion in cc.: 140.2, equivalent to 
one-quarter that of 40% N.G. dynamite. 

Velocity of Detonation, in 60 mm. diameter iron tube and detonated with 
five No. 8 caps : 3800 m./sec. 


100°C Heat Teat 
loss first 48 hrs.% 0.02 
loss second 48 hrs.% 0.00 
explosion in 100 hrs. none 


Vacuum Stability Teat 
cc. of gas evolved from 5 g. in 40 hrs. at 
100°C 0.13 

120°C 0.20 

150°C 0.32 


200-Gram Bomb Sand Test, g. sand crushed : 6.0 


Sensitivity to Initiation : 


requires 0.25 grams of 
tetryl 


Explosion Temp, in 5 sec., °C: 4Sb 

Temperature of Explosion, °C: (est.) 1084 

Impact Sensitivity, 2-kg. weight : 

Bureau of Mines app., cm. ( 10% point) : 67 

Picatinny Arsenal app., in . ( 10 % point) : 24 

Sample weight, mg. : 24 


Sensitivity to Friction : Bureau of Mines app., steel shoe ; 100 trials — no explo- 
sion or ignition, one snap. 


Use in Pyrotechnics: 


as an oxidizing agent 


65,72 


13 


13 

13 

13 

72 

13 


72 


Additional References: 

1 ) “The Use of Differential Thermal Analysis for Investigating the Effects 
of High Energy Radiation on Crystalline Ammonium Perchlorate,” E. 
Freeman and D. Anderson, J. Phys. Chem. S3, 1344 (1969) 

2) “Apparatus for Observing Physical Changes at Elevated Tempera- 
tures,” V. Hogan and S. Gordon, Anal. Chem. St, 573 (1960) 

3) “The Thermal Decomposition of Ammonium Perchlorate,” L. Bircum- 
ahiiw and B Newman, Proc. Roy. Soc. Att7 , 115 (1954) ; also Att7 , 228 

(1966) 

4) Report Q PR No. 492, Aerojet General Corporation, Sacramento, Calif. 
6) L. L. Bimunshaw and T. R. Phillips, J. Chem. Soc. 1957, 4741 (1967) 

6) “The Crystal Structure of Ammonium Perchlorate-NH 4 C10«,” K. Ven- 
Katwan, Proc. Indian Acad. Set. USA, 134 (1957) 
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Kefs. 


ANTHRACENE, i^H 4 (CH 3 ) 2 C 8 K 4 

(Gre*a oil, P-Naphthalene) 
Structural! Formula: „ 


^1 



zd 




Specification No. h S a JAN-A-202 

rh? specification covers a technical grade in two classes, a and b, which 
differ in granulation. 


Molecular Weight: 

178.22 


Crystalline Form: 

monoclinic 


Color: 

colorless with violet 


fluorescence 


Density, g./ml. : 

Coefficient of Thermal Expansion, cubical, 

(solid) 1.25 


over the range 20-180°C : 



Vi* — V« [1 + * (ta-ti) -f- ft (tj-tj)*] 
where <*=218 X 10* and £=8.10 X 10' T 



Heat of Formation, Ecal./mole at 25°C at constant 



pressure : 

25.53 


Fires Energy of Formation : 

Entropy, cal./deg./mole at 298. 1°K: 

49.8 


Melting Point: 

490°K (217°C) 


Heat of Fusion, cal. (15°/g.) at 216.56°C: 

38.7 


Boiling Point: 

627°K (354— 5°C) 
339.9°C 


Heat of Vaporization, Kcal./mole: 

13.10 


Transition Point: 

— 


Heat of Sublimation : 

— 


Heat Content or Enthalpy: 

Heat Capacity: 

Specific Heat: 



Temp. C K 94.4 124.8 193.2 254.4 297.2 

20-100 20-210 

liquid 

eaL/f. 0.96 0.117 0.177 0.2?^ 0.278 

0.312 0.3688 

0.509 

Decomposition Temperature: 

Decomposition Products: 

Vapor Pressure: 

— 


Press, mm. 1 10 40 100 

400 760 

M.P. 

Tamp. °C 146.0 187.2 217.6 260.0 

310.2 342 

217.5 


1 , 12 


1 

29 

1 

Addnl. Ref. 4 


AddnI. Refs. 

1,2 


1 

1 

1 

31A 

57V13 


57V13 


1 
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AnlhrMwe, (page 2) 

X-Ray Crystallographic Data: 


Metaaaltaf 


System Space Group a b e 

Axial Ample 

Visa CoS 

monoclinie 8.58 8.02 11.18 


2 

8J*1 8.088 1L188 

0*=lS4°4r 

2 

Hygroscopicity: 

very alight 


Solubility Data, g./lOO ml. In water: 

insoluble 


In alcohol at 160°C : 

0.076 


at 73°C: 

0.88 


In ether: 

1.189 


In CHC1* : 

1.767 


In cS] : 

1,500 


In benzene at 80°C: 

7.5 



Health Hazard: Purified white material is considered non-toxit However, the 
impure technical product may b* carcinogenic because of impurities pres- 
ent, Avoid repeated contact or inhalation of dusts or vapors. As a chronic 
local irritant it is considered severely toxic- 
Fire and Explosion Hazard: Burns when heated in air. Vi.pors 'nay explode 
when ignited in air. Gives off acrid fumes, Reacts with oxidizing materials. 
To fight fire, use water, foam, C0 3 , dry chemicals, or CC1 4 . 

Safety Classifications: 

OSM : not listed 


ICC : not listed 

Electrostatic Sensitivity : Anthracene dust clouds cart be ignited and exploded 
by an electric spark. 

Anthracene darkens on exposure to light, 
of Combustion, Kcal./mole at 20°C: 1700.4 

\>ii t, °F (closed cup) : 250 

(open cup) : 38$ 

Autcignition Temperature, °F: 881 

Ref. 71 gives 472°C in air 

Explosive Limits in Air, % by vol., lower: 0.63 

Use in Pyrotechnics : as a fuel 


57,85 


1 


12, 25, 93 


12, 26, 29, 67 


Addnl. Ref. 3 

29 

1 

75 

26, 75 
67 


Additional References : 

1) J. Am. Chem Soc. C "27 (1946) 

2) J. Am. Chem. Soc. 74, 1 1 (1952) 

3) A. Van Dussen, Rec. tr„ ohim, 54, 873 (5935) 

4) W. Klem et al., Zeit. anorg. Chem. 1 76, 10 (1928) 
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ANTIMONY SULFIDE (tri), Sb,S, 

{Amimosy Trauifidt, Antimony Black, Black Antimony, 
Stibnite, Antiwonite, Needle Antimony, Snifur Gold, 
Salforo,t of Antimony, Antimony Glance) 


Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color: 

For color changes aee Ref. 54V9 
Density, g./ml. : 

Coefficient of Thermal Expansion: 

Heat of Formation, Kcal./mole at 25°C : 

Free Energy of Formation, Kcal./mole at 800° K 
(27°C) : 

Entropy, caL/deg./mole at 298.18°K: 


MIL-A-159 
389.72 
rhombic 
black or red 

(solid) 4.64 

(c) black, -48.5 
(amor.) orange, -88.0 

- 66.0 

(c) 39.6 
(c) 80 Jt ± 4.0 

82S°K (560°C) 


violet to black, 4.3 
orange- red to black, 5.6 

51.2 

380 


Heat of Sublimation, Kcal./mole at M.P.: 51.2 

Sublimation Temperature, °C : 380 

Heat Content or Enthalpy: — — 

Heat Capacity, cal./dtg./mole at 298-821°K : C . = 24.2 + 13.2T 

Decomposition Temperature: When heated in air, abov e 176°C, it is slowly con- 
verted to the oxide. 


Decomposition Products: 
Vapor Pressure: 


loi es S ; takes up O 


Press, mm. 

about 0.088 

1.17 

13.45 

244 


Temp.°C 

400 

500 

650 

! -50 



X-Ray Crystallographic Data: 
S jtletn Space Group 
rhombic Vi* 

orthorhombic V|J 

Hygrrscopirity : 


c Molecules /Unit Cell 
3.8S 4 

3.84 4 

not bygr ,>scopic 


Melting Point: 82S°K (550°C) 

Sinters in air at 440°C, melts at 510°C 
Heat of Fusion, 15° caL/g. at 540°C : 17.6 

Boiling: Point : Volatixes above its melting temperature and can be distilled with- 
out decomposition 

Heat of Vaporisation : 

Transition Point: See Ref. 54V9 

Heat of Transition, Kcal./mole : violet to black, 4.3 


24.40V2 

54V9 


44V18B 



Antimony Sulfide (tri),Sb 2 S 8 (page 2) 


i 



f 

I 

; 

i 


\ \ 


I 


I 


Solubility Data: 

In water at 18°C : 0.175 x 10 - * g./ml. 

In hot water: decomposes 

In alk., NH 4 HS, K,S, HC1: soluble 

In acetic acid: * insoluble 

Health Hazard : Irritates the skin and mucous membranes. M *y cause gastroin- 
testinal upsets. A poison with symptoms similar to arsenic. A cardiac and 
nervous depressant. Antimony poisoning is detectable in the blood and by 
liver functioning. 

M.A.C.: 0.5 

Safety Classification: 

OSM : Inert and presents no particular fire or toxic hazard as used in 
Ordnance establishments. 

See aiso Addnl. Refs. 1 and 2 

Fire and Explosion Hazard : Dangerous ; when heated to decomposition or on 
contact with acid or acid fumes, it emits highly toxic fumes of oxides of S 
and Sb. I t reacts with steam or water and produces toxic and inflammable 
vapors. Reacts vigorously with oxidizing materials such as chorates or 
perchlorates. 

Electrostatic Sensitivity : 

Use in Pyrotechnics : Antimony sulfide is used as a fuel. It imparts a p3le green 
color to burning compositions. 


1 


12 , 21 


14, 1VV7 


12 


20 


Additional References: 

1) C.A. il,mi (1948) 

2) C.A, 45, 9748 (1951) 


f 




t 
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ASPHALTUM 


(Gileoniie, Aifihlt, A»phaltite-. Ennii Phcfc, 

Uiniate or Uktjbite, Mhneral B&MW) 

Specification No. : JAM-A-8S6 

Molecular Weight : vs. table named material, 

about 4250 


Crystalline Form: 
Color: 


amorphous 

brawn to black, leaves 
brown streak 


Density, g./ml.: 

Cceffk ient of Thermal Expansion, cub? cal : 

Heat of Formation : 

Free Energy of Formation : 

Entropy : 

Softening Point, specification min.: 

Heat of Fusion: 

Boiling Point: 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature and Products: May be distilled to about 550° F. 

Above this temperature an exothermic reaction takes place with the rapid 
evolution of gaseous products. Between 4?5° and 650°F an oily distillate 

is obtained. 

Vapor Preeeure * 

X-Ray Crystallographic Data : 

Hygroscopicity : nonhygroscopic 

Solubility Data: Insoluble in water, alcohol, acids, and alkalies. Soluble in 
petroleum, ether, and acetone. The specification requires the following: 

CCh — i -% min., petroleum ether-— 80% min,, and CS* — 99% min. 

Health Hazard : Fumes or dust may irritate the eyes and respira* ry tract. 
Moderately toxic ; acuta or chronic irritant 


Safety Classifications: 

OSM : not listed 

ICC : not listed 

Fire and Explosion Hazard ; slight 

Flash Point (closed cup) °F ; 400 


(solid) 1.06-1.10 
5-7 X i0 4 


898°K (i25°C) 

< 743°K (470 'C, 


(open cup) °F: tod 

Autoignition Temperature: 905 

To fight fire nm fo am, CO,, dry chemical, or CCI* 


m 


Refs. 

17V2 

Addnl lie*, 1 

! Addnl. Ref. 1 


Addnl. Ilef. 1 
1 

t 


12 


Addnl. Ref. 1 


29 


29, 9S 


75 


no*- 


Aiphaltniu 2) 


Electrostatic Sensitivity : 

Asph&ltum is formed from pataolaem «c i*»r moK of heat and praisare 
working over geol»gic time. The type eg aapgaalt oM for In the specification 
is known as giisonite or ninteie mm! is found mainly in Utah end Colorado. 
Chemically, gilaonite consists mainly cf saturated hydrocarbons substantially 
free from oxygenated bodies with little or no ciystaUizabie paraffins. Gilaonite 
is marketed in two grades known as “selects” or “firsts” and "seconds.” The 
“firsts” are from the center of the vein and have a lustrous conchoids! fracture. 
The “seconds” are from near the walls of the vein and show a semiconchoidal 
and semilustrous fracture. They are differentiated on the basis of softening 
point and behavior in petroleum solvents. Although giisonite is a mined product 
it shows fairly uniform characteristics as follows . 

Fracture: conchoids! 

Luster : bright to i«iirly bright 

Hardness on Moh’s scale : 2 

Fusing point, Kramer and Sarnow 

Method, °Fr 2SG-350 

Ball and Ring Method, °F : 270-400 

Volatile in 5 hrg. at S26°F, % : not less than 2 

400° F, % : not less than 4 

600° F, % : not less than 5 

Fixed Carbon, % : 10-20 

Solubility in CS*, % : greater t h a n 98 

Non-mineral matter, insoluble % : 0-1 

Mineral matter, % : trace to 1 

Carbenes, % 0-0.6 

Soluble in 88° petroleum naphtha, % : 10-60 

Hydrogen, %: 8-5-10 

Sulfur, % : 0 .3-0.5 

Solid paraffines, % : 0-trace 

Sulfonation residue, % : 86-95 

Saponifiable matter, % : trace 

Minimum Energy Required for Ignition of Dust 
Cloud by Electric Sparks, mill! joules : 25 

Ignition Temperature of Dust Cloud, °C: 560 

Minimum Explosive Concentration of Dust : 20 mg./l. 20 

Use in Pyrotechnics : Asphaltum is used as a fuel and binder. It may act as a 
desensitizer and waterproofing agent. 

Additional References: 

1) “Asphalts and Allied Substances,” H. Abraham, D. Van Nostrand Co., 
Inc., New York (19601 

2> “The Science of Petroleum.” Vol. 4, A. E. Dunstan et al., eds., Oxiord 
University Press, New York (1938) 


AddnL Kef. it 
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AURAMME HYDROCHLORIDE 

laobenzencimide Hydrochloride, 

4,4' "hi# ,, &ir’'*%imjiae ) Benxhydbylidmeimme Hydrochloride, 
Iaaido4«^.iuuethy!diamidodEphylmethane Hydrochloride, 
AammiKc O. C.I. 41GOO, C.I. Earle Yellow 2) 

Stractcm’ rormu'? : L(GH,),NC„H 4 ] t C:NHiCi or C« 7 H a ,N,Cl or 

(H.O N (OH,) , or (H,C)*N (2>G- O =N(CH *>* 


RJs. 


83(No.42t>), 

82.48A 


I 

NTH, €i 
MIL-A-3664 (195D 
303.84 
Hakes 
yellow 
0.35 ± 0.1 


540' 3 K (267°C) 
538°K (265°C> 


NH-HC1 

Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color: 

Apparent Density, g./ml.: 

Coefilcient of Thermal Exp iiaion: 

Heat of Formation : 

Free Energy of Formation : 

Entropy : 

Melting Point: 

Heat of Fusion: 

Boiling Point: 

Transition Point : 

Heat cf Suo’tmatioi: : 

Heat Content or Enthalpy: 

Heat Capacity : 

T ©composition Temperature: 

Deeorapoait.on Products: T^e aqueous solution decomposes at about 70°C to 
NH,<Jl and tetramediyldisminobenzophenoae (Michler’s Ketone). 

The esme reaction takes pla; in cold dilute acid. 

Increase in temperature arid Acidity increases the rate of hydrolysis. 

V' por Pleasure : 

\-Ray Crystallographic Data: 

Hygroscopicity : 

Solubility : 

In water and alcohol: slightly soluble 

hi chloroform : readily soluble 

In ether or pyiidine: almost insoluble 

Hydr obze.. by hot water tsee Decompotitk’n Products) 


32 


88V14 

Spec. 


88V14 

Addni. Ref. 1 


52 

Addnl. Ref. 2 


«V14 II 


s 

Aisnmke Hydrochloride 2) i 

» : 

Health Hazard : Carcinogenic or. chronic exposure, moderately toxic The spec. 92, 93 j 

requires that each container be labeled. "CAUTION : AVOID SKIN CON- j 

TACT. USE WITH ADEQUATE VENTILATION.” j 

Safety Classifications: ! 

OSM : not listed j 

ICC : not listed 

Fire and Explosion Hazard: j 

Electrostatic Sensitivity: f 

Use in Pyrotechnics : To produce yellow colored snioke. ’ 

\ 

Additional References : 

1) J. Chem. Soc. 461 (1940) (also gives absorption spectra) | 

2) J. Am. Chem. Soc. U6, 2348 (1924) ; C.A. 18, 3872 (1924) 1 

i 
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Barium Gorbona; BaCG 8 (page 3) 


BaCOs(a) . 

Enthalpy : H T - H 3e(M5 21.60T {- 6.53 X 10 *T ? + 3.91 X 10 5 T 1 - 8213 
(0.6 percent ; 298° - 1079-K) 

Kflat Capacity : C p ~ 21.60 -f 11.06 X 10*T-S.91 X lb°T 2 

BaCO»(p): 

Enthalpy : H*-H m . u >«37.00T - IS, .644 (0.1 percent ; 1079° - 1241*K) 
Heat Capacity : 0, = 37.00 

BaCO*(y) : 

Enthalpy : H T - Hrjs.m — 38 00T - 14,100 (0.1 percent ; 1241 - 1600°K) 
Heat Capacity : C p = 38.00 


Decomposition Product? ; 

For pyrolysis see Bef. 45 and Addnl. Ref. 1 
Decomposition Products : BaO + C0 2 

Dissociation i' ressnre : 


Press, mm. 0 

5 

45 

120 " 

£40 

340 

460 

675 

760 

Temp. °C 387 

1017 

1067 

1097 

1137 

1157 

1177 

1197 

1200 


For Dissociation Pressure see also Addnl. Ref. 3 

Calculated Dissociation Pressures to BaO -f C0 2 above 1079°K are given by 
log P mni . — 13,075 + 7.668 
T " 

Vapor Pressure of C0 2 at 1100 -G: 20 mm. 

At 1600°C the loss of C0 2 is complete 
See also Addnl. Ref. 2 


X-Ray Crystallographic Data: 

System Space Group a b c Molecules /Unit Cell 

rhombic VJ,‘ 5.29 8.88 C.41 4 

Hygio&copicity : 

Solubility Data : In 100 ml. water : « =*. 0.002 g. at 20°C 

0.006 g, at 10O°C 
/3~ 0.0Q?2 g. at 18°C 
0.0065 g. at i00°C 


In r.cids, NH<C1: soluble 

In aicohol: iiJwiuble 

Health Hazard : Poisonous Irritates mucous membranes, it produces dermatitis 
and causes hemorrhages in the gastrointestinal tract and kidneys. 

M. A.C., mg./m. 1 ; 0 5 


54V3 

Addnl. Ref. 3 

52 V 1 

l 

1 

12, 29 
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Bwinia Carbonate, Bati'Og (page 3) 

Safety Classifications: 

OSM: 

IOC: 

Fir® and Explosion Hazard : 

Electrostatic Sensitivity • 

U*s in Pyrotechnics : BsCO« is used as a retardant 
to a burning composition. 

Additional References: 

1) “Differential Thermal Analysis Studies of Ceramic Materials: Char- 
acteristic Heat Effects of Some Carbonates,” M, Graver; J. Am. Ceram. 
Soc.55,96 (1960) 

2> G. Tammann and W. Pape, Zeit. anorg. Chem. 1£7, 50 (1923) 

3) “Experimental Heat Contents of SrO, BaO, CaO, BaCO, and SrC0 8 at 
High Temperatures. Dissociation Pressures of BaCO s and Sr€O t ,” J. J. 
Lender, J. Am. Chem. Soc. 73, 5794 (1951) 


not listed 
not listed 
none listed 


It imparts some green color 
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BARIUM CHLORATE, Ba(€30*)* 

Percent Oxygen: 31.55 

Specification No.: not listed 

Molecular Weight: 304.27 

Crystalline Form : 

Color : 

Density, g./ml. : 

Coefficient of Thermal Expansion : 

Heat of Formation, Kcal./moie at 298°K: 

Free Energy of Formation, Real. /mole at 298°K: 

Entropy, cal./deg./mole at 298°K: 

Melting Point: 

Heat of Fusion : 

Boiling Point: 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity of B. (CIO*) 3 • H*0, cal./deg./mole : 

Cp=50.6 (289-320°K) 

Decomposition Temperature : Decomposition starts at about 300°C. 
For DTA see Ref . 33 

Decomposition Products : Ba (C10 4 )* -f 20* 

Vapor Pressure: 

X-Ray Crystallographic Bata for Ba (C10»)**H*0 : 


colorless 

(solid) 3.856 at 24°C 

(c) 181.7 
(c)-133.1 
53.7 
414 


System Space Group a 
monoclinic C$ h 8.86 

See also Addnl. Ref 1 
Hygroscopicity : 

Solubility Data: 

In water (g./lOOg. solvent) : 


b 

7.80 


c Axial Angle 
9.35 p — 94° ± y?° 


Molec des/ 
Unit Cell 
4 


20.35 at 0°C 
84.8 at 80°C 


Health Hazard : Poisonous when taken by mouth. Very toxic in contact w»th the 
skin, when inhaled as a dust, or when ingested. 

M.A.C., mg/m. 1 0.5 

Safety Classifications 

OSM : Class 1, in original container or equivalent. Class 2, not in original 
container or equivalent. 

ICC: Oxidising materia’, yellow label. Listed under Explosives and 

Other Dangerous Articles. 

M.C.A. : Warning Label required. 


87 


Ref$. 


12 

1A, 9 
44S30 
44:30 
1A 


4 

54V2 

54V2 


Addnl. Ref. 
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22,14 


12 


Barium Chlorate, B* ( CIO, ) , (page 2) 


Fire and Explosion Hazard ; Considered more dangerous to store than KCiOg. 
Should be stored away from flammable materials because of possible Are 
and explosion. 

Electrostatic Sensitivity : 

Ignition Temperature, 'C: (5 second point) 506 

Activation Energy, Kc&l./mole: 45.7 

Use in Pyrotechnics : 

To impart a green color to burning compositions, and as an oxidizing agent. 
Additional References; 

1) “Determination of the Structure )f Metallic Chlorates by Infrared 
Spectroscopy,” T. Dupuis, Gompt. rend. 242, 2922 (1956). C. A. 50, 
15,236 (1956) 

2) “Unit Cell and Space Group of Barium Chlorate Monohydrate,” G. 
Kartha, Current Science (India) 20 , 151 (1951). C. A, 46, 4312 (1952) 


Specification Mo.: 
Molecular Weight: 
Crystalline Form : 
Color : 

Density, g./ml.: 


BARIUM CHLORIDE, BsCI, 

not. listed 
208.27 
monoclinic 
colorless 

(solid) 3.856 at24°C 

Density of Molten Br.Cl* 


Temp. °C 864 


975 


1025 


1050 


1085 


1100 


Density 


3.057 


3.052 


3.015 3.108 3.087 3.076 


Refs. 

1A 

1A 

1A 

44S30 


For the temp, range 9C4°-1100°C the density is given by the formula 
D‘ = 3.032 - 0.00070 (t-1000) 

Note: See refs, for additional density formulas 

Coefficient of Thermal Expansion, cubic, 

20-17 0°C : 

Heat of Formation, KcaL/mole at 298°K: 

Free Energy of Formation, Kcai./mole at 298° K : 

Entropy, cal./de-g./molo ~i 298°K : 

Melting Point, °K: 

Heat of Fusion, Kcal./mole at 1235°K: 

Boiling Point, °C : 

Heat of Vaporization, Kcal./mole: 

Transition Point, mcnodinic (a) to cubic fi : 

H >« of Sublimation, Kcal./mole: 

Heat Content or Enthalpy: 

Heat Capacity, cal ./deg./mole: 

Ci t == 17.00 + 334 X 10 a T (estd., 298-1198°K) 

Decomposition Temperature: None up to 1000°C 
( max. experimental temp. ) 

Decompoe .cion Products : 

Vapor Pressure (liquid BaC.*) : 


60 X 10-* 

44S30 

(c) -205.56 

1A, 6 

(c) -193.8 

1A, 9 

30 

1A, 9 

1235 

9 

5.4 

9, 24A 

1560 

1A, 31A 

50.0 

24A 

57 

41 

1198°K 

1A, 9, 6 

920-930°C 

44S30 

57 

MS30 

(solid) 18.0at25°C 



Press. . about 0.7 

4.4 6.2 

8.5 

760 

Temp. °K 1342 9 

1425.2 1465.9 

1486.7 

1835 

X-Ray Crystallographic Data 

; 


Molecules/ 

System 

Space Group a b 

c 

Unit Cell 

BaClj or. horhornbic 

VJJ 9.323 7.823 

4.705 

4 

Bad* " H,0 rh >rabic 

Dig 4.01 9.02 

11.28 



4 

38 

44SJ0 


18, 98, Atldnl. 
Ref. 1 
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Barium CSiiarida, Bad® (paga 2) 


Hygrescopieity : slight 

Solubility Data: 

In HA g./100 ml. : 31 at 0°C 

59 at 100°C 

In KCl t IINO#: slightly soluble 

In alcohol: < insoluble 

Health Hazard: 


Extremely toxic. Fatal dose 0.8 to 0.9 g. 

Safety Classifications : 

OSM: not listed 

ICC : not listed 

Fire and Explosion Hazard : none listed 

Electrostatic Sensitivity: 

Use in Pyrotechnics : BaCU results from the burning of some barium compounds 
in the presence of chlorine compounds. 


44S30 

31A 


29 


Additional References: 

1) C.A. U, 897 (1950) 
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BARIUM CHROMATE, BaCrO, 

(Lemon Chrome, Ultramarine Yellow, Baryta Yellow Gelbin) 


Ref 8. 
1, 11, 26 


Percent Oxygen : 25.28 

Specification No.: MIL-B-550 

The specification covers two {trades ; grade A is for use in delay and non- 
gaseous powder, grade B for use in pyrotechnic mixtures. 

Molecular Weight: 258.37 

Crystalline Form : rhombic 

Cofer : yellow 

Density, g./ml.: 4.498 


Temp. Range °C 

10-70 

70-130 

130-190 

190-250 

10-250 

Coeff. X 10 s 

1.75 

1.73 

1.57 

1.85 

1.67 


Heat of Formation, Kcal./mole at 298°K: 

Free Energy of Formation, Kcal./mole at 298°K : 
Entropy, cal./deg./moie at 298°K: 

Melting Point: 

Heat of Fusion: 

Boiling Point : 

Transition Point: 


(c)-341.3 
-315.95 
34.7 

decomposes (see below) 
decomposes (see below) 
decomposes (see below) 


1 

1 

1 

44S30 sup 


1,9 

78 

78 


Heat of Sublimation: 

Heat Content or Enthalpy: 

Heat parity : 

Decomposition Temperature and Products : When heated, starts to lose weight 
at about 60°C. On further heating very slowly loses weight even up to 
1015°C, at which point it is a mixture of the yellow chromate and green 
chromite. Even at this temperature the loss is less than 1%. 

Vapor Pressure: 

X-F.ay Crystallographic Data: 

Hygroscopicity : Gain in weight (%) at70°F of specification grade A material 




Addnl. Ref. 1 


Exposure 

Relative Humidity, % 

hrs. 

52 

75.8 

90 

24 

0.06 

0.05 

025 

48 

0.06 

0.08 

0.27 

72 

0.08 

0.05 

0.27 

144 

0.06 

0.09 

0.28 

168 

0.06 

0.09 

0.28 


Solubility Data, ' i water g /lOOg. : 
In mineral acids: 


0.00034™* and 0.00041™* 1 

soluble 


Bar turn Chromate, Ba€r0 4 (page 2) 

Health Hazard : Poisonous. Has a corrosive action on the skin and mucous mem- 12, 29 
[ branes. Produces dermatitis. 

\ The specification requires that ail containers be marked with the following 

| precautionary marking: “AVOID INHALATION OF DUST. AVOID 

! PROLONGED OR REPEATED CONTACT WITH SKIN.” 

M.A.C. (as CrO*) for an 8-hr. day : 0.1 mg./m. s 14 

Safety Classification : 

OSM : class 2 

ICC: 

U.N. : poisonous (toxic) | 

Fire and Explosion Hazard : Emits highly toxic fumes when heated. An oxidant 12 
which reacts vigorously with reducing materials. 

Electrostatic Sensitivity: 

Use in Pyrotechnics: Barium chromate is used as an oxidizing agent, and to 17 
impart a green color to a burning composition. 

Additional References: 

1) S. Peltier and C. Duvai, Anal. Chim. Acta 1 , 361 (1947) 
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BARIUM NITRATE, Ba (N \), 

(Nitrokrile) 

Percent Oxygen : 36.73 

Specification No.: M1D-B-162B 

The specification covers six classes that differ in purity and granulation. 
The following four classes are used in pyrotechnics : 

Class 1, used in priming compositions (in two granulations) ; 

2, used in photoflash compositions; 

5, used in incendiary mixtures; 

6, used in pyrotechnic compositions. 

Molecular Weigiit: 

Crystalline Form: 

Color : 

Density, g./ml.: 

Coefficient of Thermal Expansion, 
linear, - 73° to + 15°C : 

Heat of Formation, Kcal./mole at 298°K: 

Free Energy of Formation, Kcal./mole at 298°K: 

Entropy, cal./deg./mole at 298 C K : 


261.38 

cubic 

colorless 

(solid) 3.24 at 23° C 

5 X 10-** 

- 237.06 

- 190.0 
51.1 


Reft.. 


1 

1 

1 

44S30 aup 
1,9 
9 
9 


HEAT CONTENT AND ENTROPY OF Ba(NO s ) 2 (c) 
(Base, crystals at 298.15°K; mol. wt., 261.38) 



T, °X 

cal. /mole 

St--- Sags. 15 

cal./deg. 

mole 

'o 

* 

Ht — Hits. 15 
cal. /mole 

St — S 2 i»8.ib 
cal./deg. 
mole 

400 .... 

3960 

11.39 

700 ... . 

18,460 

3b.l4 

•70 . . . . 

8410 

21.30 

800 ... . 

24,070 

45.62 



13,240 

30.10 

850 .... 

27,020 

49.20 


Ba(NOs)j(c) : 


Enthalpy: H?— Hats i B =30.05T + 17.85 X 10*T 2 + 4.01 X 10 5 T 1 -11,891 
(0.2 percent; 298°~850°K) 

Heat Capacity : C„ = 30.05 + 35.70 X 10 3 T- 4.01 X 10 5 T 2 


Melting Point: 

Heat of Fusion, Kcal./mole 
Boiling Point: 

Transition Point: 

Heat of Sublimation : 

Heat Capacity, cal./deg./mole at 298"K: 
See equation under tab!*- above 


868° K 
6 

decomposes 


(solid) 36.1 


7,9 

9 

1 


9 
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ISrrimn Nitralr, 'k(NOa). 2) 

Decomposition Temperature : 555-4»00 o C 

For DTA see Refs. -i.‘i ami 47 
For TAG see I'ef. 33 


I k compos if ion Products : 

V a por Pressu re : 

X-Ray Crystallographic Data : 

System Space Group 

cubic T£ 

Hygroscopicity : 

Gain in mg./g. at equilibrium at R.T. ' 
Solubility Data: 


evolves N 0 5 and 0 2 


a Molecules /Unit Cell 

8.11 4 


nnritiori ^ A | ot 75% £111 fi 

r ~S6% It.H* 

0.6 at 93 7c R.H. 


In water (g./lOQg.) at°C: 
In adds: 

In alcohol, cone, nitric acid : 


3.7 at 2 i'" ; 34.2 at ICO" 
slightly soluble 
insoluble 


Health Hazard: Moderately poisonous. Irritates eyjs, ears, nose, throat, and 
akin : produces dermatitis. When heated evolves toxic fumes. Produces gas- 
trointestinal irritation. 


M.A.C. 


0.5 


Safety Classifications: 

OSM : Class 1 when packed or shipped in original containers or equivalent. 
ICC : Oxidizing material ; 

y»Mow label 

Fire and Explosion Hazard: By itself the fire hazard is moderate Ao a strong' 
oxidizing agent it reacts vigorously when heated vrith reducing materials 
and may even result in detonation. 

Electrostatic Sensitivity: 

Use in Pyrotechnics: Barium nitrate is used as an oxidizer, a^d to impart a 
green color to burning compositions. 

Storage : Keep barium nitrate in a moisture-proof container in a dry place to 
prevent caking 


Additional References : 

1) C.A. 40, 12932 (tS55) 


Addnl. Ref. I 

20V3 

I 

‘iO 

1 

I 

93, 29, 12, 20, 
50V7 

II 

12 

17 
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BARIUM 

Speciticntio 1 No.: 

Molecular Weight: 

Crystalline Form: 

Color : 

Density, g\ Cnl. : 

Coefficient of Thermal Expansion : 
float of Formation, Fc&l./moU at 
18 c C{c) BaO*D«: 

25°C(c) BaCjO« - ViH-,0 : 

18°C (ppt.) Ba0 2 04°H 2 0: 
25°C BaCj0«*2H 2 0: 

25~C BaC 2 G 4 *3.5H*0: 

Free Energy of Formation , 
Entropy : 

Melting Point: 

Heat of Fusion: 

Boiling Point: 

Heat of Vaporization : 

Transition Point: 

Heat of Sublimation: 

Heat Content o- Enthalpy: 

Heat Capacity: 

Decomposition Temperature: 


OXALATE, Bi«C 2 0« 

JAN-B 860 
225.68 

colorless 
(solid) 2.65C 


-627.6 

n 

— OVtJ . f 

-397 57 

-170.1 

-575.73 


decomposes 


1'ses CO above 346°C 


1 

1 


Addnl. Ref. 
1 
1 
9 

9 


i 

I 
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Decomposition Products : CO 4- BaCO s 

Vapor Pressure: 

X-Ray Crystallographic Data: 

j, —oscopicity : 

Solubility Data: In water, g./ml. solvent: 0.0093 at 18°C 

0.0228 at 100 a C 

In acids, NH,C1: soluble 

In alcohol : insoluble 

Health Hazard : Poisonous. Irritates eyes, nose, throat, and skin. Produces 
dermatitis. 


Safety Classifications: 
OSM: 

ICC. 

U.N.: 


not specifically mentioned 
not sprifically mentioned 
class € ( — poisonous 
toxic substance 


1 


12,29 


45 


lifirium Oxalate, BmCjOi (page 2) 

fire and Explosion Hazard : Dangerous when heated to decomposition; emits J 12 
toxic fumes. 

Electt ostatic. Sensitivity: 

Use in Pyrotechnics: As a retardant. Imparts some green color to burning j 1" 
compositions. 


J 


A-. iitionai References: 

1 ) L. M4dard, M&n. artillerie fran§, 28 , 467 (1954) 
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<4 

1 

4 


Jit, /.S'. 

1, 11, 12, 29 


i 


i 

I 


f 
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BARid'M OXIDE, HaO 

(Hartiitn Mo .oxide, Baryta, Barium Prtiioxiue, Caleined Bar Bn) 


Specification No. : 

Molecu’ar Weight: 

Crystalline Form : 

Color : 

Density, g./rnl.. 

Coefficient o; Thermal Expansion : 

Heat of Formation, Kcal./mole at 298°K: 

Free Energy cf Formation, Real. /mole at 298°K : 


\5S.36 

c/cbie or hexagonal 
colorless 

(solid) 6.72 (hex) 6.32 
3.0 X 10 T 
(c) -133.4 
(c) -126.3 


a. HEAT AND FREE ENERGY OF FORMATION OF BaO(c) 


(Mol. wt., jton.36) 


T, °K A H (cal./nmle) A F° (cal ./mole) 


298. 1 6 . . . 

-133,500 (* 3000) 

-126,500 (± 3500) 

400 .... 

-133,000 

-124,000 

600 .... 

-133,000 

-121,500 

600 .... 

-13S.C00 

-119,500 

648 .... 

-132,600 

-118,500 

64S .... 

-133,000 

-118,500 

700 .... 

-132,500 

-117,000 

800 .... 

-132,500 

-115,000 

9o0 .... 

-132,500 

-113,000 

977 .... 

-132,000 

-111,000 

977 .... 

-134,500 

-111,000 

1000 .... 

-134, >00 

-110,500 

1100 .... 

-134,000 

-108,000 

1200 .... 

-134,000 

-106,000 

1300 .... 

-133,500 

-103,500 

1400 .... 

-133,500 

-101,500 

1^00 .... 

-133,000 

-99,000 

1600 .... 

-123,000 

-96,500 

1700 .... 

-132,500 

-94,500 

1800 .... 

-132,500 

-92,000 

1900 .... 

-132,000 

-90,000 

1911 .... 

-132,000 

-90,000 

1911 .... 

-167,500 

-90,000 

2000 .... 

-167,000 

-86,000 


1 

1 

1 

47 

1.9 

1.9 




Iliiiiuu Ox «le, BuO (page 2) 


Phase Changes ol Metal 
T.P („-*-/?), 64 K 'K 
A II 110 cal./g.-atom 
M.P., 97? °K ; A II 2250 cnl./g.-atom 
B. P., 191 1 ° K ; a H 35,600 ca’./g.-atom 

Free Energy Equations: 

Reaction Range of Validity, 

1) Ba (*) + (/ 2 0 2 (g) = BaO (c) 298.16 to 648 

Af<+ ^ - 134,590 -7.60TlogT 4 .87 (10 9 T 2 ) + .!2 ( 10 3 T ») + 45.76T 


2) Ba (ft) f 3/2 0* (g) = BaO (c) 648 to 977 

A — - 134,140- A.34T logT - .56 (10 3 T 2 ) +.42 (KPT 1 ) + 34.01T 

3) Ba (1) + V s 0 2 (g) = BaO (c) 977 to 1911 

A = - 135,900 -2.19T log T -.56 (1Q-»T*) +.42 <10 T 1 ) +32.37T 

4) Ba (g) + V 2 0 ? (g) = BaO (c) 1911 to 2000 

A F§ — ~ 176,400 - 8.0 IT log T - .56 (10 8 T 2 ) +.42 (10 B T l ) + 72.66T 

Entropy, cal./deg./nioie at 298°K : 


See Tables b and c 
Melting Point: 

Heat of Fusion. Kco^otr** ; 
Boiling Point: 

Transition Point: 

Heat of Sublimation, cal./mole: 


(solid) 16.8 . .03 
(gas) 55.9 ± 5 

2190°K (1917°C) 

son « « 

io.o it: 

about. 2273°K (2000°C) 


n, cal./mole: 90.0 

b. HEAT CONTENT AND ENTROPY OF Bafr^ 
(Base, crystals at 298.15°K; mol. wt., 153.36) 


T, °K 

H t - H2»8.16 
cal./mole 

St - 82 * 8.11 
cal./deg. 
mole 


3. 36 

6.07 

600 ... . 

3660 

8.40 

700 . . . . 

4980 

10.43 

‘800 . . . . 

6300 

12.20 

900 ... . 

7620 

13.75 

1000 . . . . 

8950 

15.15 

1100 . . . . 

, 10,300 

16.44 

1200 . . . . 

11,680 

17.34 


T, C K 


Ht — Hjp.JS 

cal./mole 


S T -S*»g.)R 

cal./deg. 

mole 









Barium Oxide, BaO 3) 


BaO (c) • 4 

Enthalpv : II T - IWm— 11.79T f 0.94 X 10 *T* + 0.83 X 10 B T 1 3834 
(0,5 percent ; ?'M“ - 2000°K) 

Heat Capacity: C,= 11.79 -f 1.88 X 10 a T-0.88 < 10»T 1 

c. HEAT CONTENT AND ENTROPY OF BaO (g) 4 



(Base, 

ideal gas at 2S3.15°K : mol. w+., 

153.36) I 


H 

O 

*3 

Hr — Hjdsu 
cal./mole 

c o S 

Ot - 1 

cal./dcg. 

mole 

T, °K 

Ht — 
cai/mole 

cal./deg. 

mole 

400 ... . 

820 

2.36 

1000 

5985 

10.21 

500 .... 

1650 

4.21 

1200 ..... 

7750 

11.82 

600 ... . 

2500 

5.76 

1400 

9520 

13.18 

700 ... . 

3365 

7.10 

1600 

11,295 

14.37 

800 .... 

4235 

8.26 

1800 

13,075 

15.42 

900 ... . 

5110 

9.29 

2000 

14,855 

16.35 


BaO (g) : 

Enthalpy : H T - H 2Sb . s ,= 8.62T -f 0.10 X 10*T 2 + 0.67 X 10 S T 1 - 2804 4 

(0.5 percent ; 298° - 2000 P K) 

Heat Capacity : C„ — 8.62 + 0.20 X 30*T - 0.67 X lOT* 


Decomposition Temperature: \ When heated in air at 450°C, it combines 

with O and forms Ba0 2 . On further heating 
Decomposition Products : ; above 600°C, Ba0 2 loses O and reforms BaO. 

Vanor Pressure: 0.00076 mm. at 1650°K 

‘ For the range 900-1200°C : log P = - ( 19400/T -f 8.691 


X-Ray Crystallographic Data: 

System Space Group a Molecules /Unit Cell 

cubic 0| 5.50 4 


Hygroscopicity: Absorbs water with formation of Ba(OF)* with evolution of 
much heat 

Absorbs moisture and C0 4 on exposure to air and forms BaC0 3 . 

Caution : Keep in tightly closed container. 


Solubility Data: In water: 

In dil. acids, alcohol : 

In CH,OH, CjH 8 OH : 

In NH S , acetic acid: 


1.5 g./ml., decomposes 
90.8 g./lOO ml. at 80°C 
soluble 
slowly soluble 
insoluble 


Health Hazard : Poisonous. Irritates eyes, ears, nose, throat, and skin. Produces 
dermatitis. Gastrointestinal instant: 

M.A.C : 0.5 


29 

41 

Addnl. Ref. 1 
1 

29 


1 

29 


12, 29, 50V7 

1 ‘ 
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Hu. 'urn Oxide, BuO (paye 4) 

Safety Classifications: 

OdM : not specifically listed 

ICC : not specifically listed 

U.N. : classified undec “Poison - 

ous (toxic) substances.,' 

4 ire and Explosion Hazard : Produces considerable heat on contact with water 
or stearr. Some hazard by chemical reaction. 

Electrostatic Sensitivity: 

Use in Pyrotechnics: BaO ia a product of the burninor of many bar urn com 
pounds 

Additional References : 

1 ) G. A. 52 , 3446 (1958) 
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BARIUM PERCHLORATE. Ita(UI0 4 ) : 


Percent. Oxygen . 38.06 

Specification No. : 

Molecular Weight: 336.27 

Crystalline Form: hexagonal 

Color: colorless 

Density, g./ml.: (solid) (3H 2 0) 2.74 

Coefficient of Thermal Expansion: — — 

Heat of Formation, Kcal./moie at 298°K: (c) -192.8 

Free Energy of Formation 1 

Entropy, cal. /deg./mole at 298.16 K: 57.7 

Melting Point: 687 C K (414°C) ■ 

778°K (505°C) 

Ileal of Fusion: — — 

Boiling Point: d- composes at 673° K 

(40O°C) 

decomposes above 79S°K 
(520 c C) 



( 

1 


29 


1, 9 

86 

1 

65 

12 
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Heat of Vaporization : 

Transition Points: * to /? at 557°IC (284°C) 

8 to y at 633°K (360 c C) 

Heat of Sublimation: 

Hear Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature: vigorous decomposition 

at 504CC 

Decomposition Products: BaCEandO? 

For DTA and TGA see Ref. 33 

Vapor Pressure: 

X-Ray Crystallographic Data: 

System Space Group a be Molecules/Unit Cell 

rhombic V J,« 5.29 8.88 6.41 4 


Ilygroscopicity : 

Solubility Data : In water, g./lOO ml. : 198.5 at 25° ; very sol. hot 

Solubility in Nonaqueous Solvents, *+ 25°C: 


Solvent 

acetone 

n-butyl alcohol 
ethyl acetate 
furfural (at 20°C) 
methyl alcohol 
n-prt nyl alcohol 


g./lOO a. solvent 
124.7 
58.i 8 
112.9 
43 

217.1 

75.65 


72 


47 
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1 


65 

65, 77 
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Barium IVn Slorute, Ela((!!Oi)] < {>k,'<c- 2) 

Health Hazard; Ba(CI0 4 >2 is poisonous, irritates the eyes, nose, throat, and 
produces dermatitis. It may affect the central nervous system and kidneys. 
Its harmful effects are mainly doc to the barium ion, Gastrointestinal 
irritant. 

Caution: Avoid skin contact. 

M.A.C.: 0.f> 

Safety Classifications : 

»)SM: Class 1. Class 2 when not packed m original shipping container or 
equivalent. 

ICC: Oxidizing material, yellow iafeel. Listed under “Explosives and 
Other Dangerous Artides.” 

Fire and Explosion Hazard : BafC’O,), is dangerous because if may be exploded 
by shock, heat, or chemical reaction. It forms explosive nvxtures with 
carbonaceous material, S. powder .id Mg, and A!. It emiti. highly toxic 
fumes when heated. Fires involving perchlorates alone may be fought with 
wate*\, 

Electrostatic Sensitivity . 

Used in Pyrotechnics: Ba(C10 4 ) ? is used as an oxidizer, and to give a green 
color to burning compositions. 


12, 26,29, 
f»0V7 

65 

14 


12, 14 


17 


Additional References: 

1) C.A. 51, 2439 (1967) 


ISAJialllV* |*KKOXIl>li «»<&. 

(Ila» m:i iicirimu bujM*r«XMl»!, lW"im ,r*i 

Percent, Oxygon • th'80 

Specification Nn. ; .1 AN-1* < i ) 

The srocilk it' i;i cover. ■' one grade and Him classes Us;.. 1 < it \--- 
lation. 

Molecula. Weight: ! 69.36 

Crystalline Form: powder 


white to givy 
(so! h|) (.96 


Density, g./ml. : 

C< efficient of Thermal Exp; nsion : 

Heat of Formation, Leal. /mole at 298' K: 
Free Energy of Format ion : 


HEAT AND FREE ENERGY OF FORMATION OF BaO, <c> 
(Mol. wt., 169.36) 


400 . 
600 . 
600 . 
84° . 
648 . 
700 . 
800 . 
900 . 
977 . 
977 . 
1000 . 
1100 . 
1200 . 
1300 . 
1400 . 
1500 . 


A H (cal ./mole) 

-1537)00 ( rtr"c7)o7 

-153,000 

-152,500 

-152,000 

-152,000 

-152,000 

-152,000 

-151,500 

-151.000 

-151.000 

153,000 

-153,009 

-152,500 

-*52,500 

-152,000 

-151,500 

-151,000 


5 F° (r ll. /mole) 

-140,500* (~~6000) 
-120,500 
-132,000 
-123.000 
-126,500 
-126,500 
-124.000 
-120,500 
- * 16,500 
-113,500 
- ? 13,500 
-112,509 
-103,590 
3)4,500 
- 100,500 
-96,500 
-92,500 


Phase Changes of Metal 
T.P. («-+/?), 61 8" K; 

AH 140 cal./g. -atom 
M.P., 977°K ; A K — 2250 cal./g.-atom 


53 



Barium Peroxide, Bb 0 2 (page 2) 


Free Energy Equations: 

Reaction 

Ba(a) 4 - 0 2 (g) = Ba0 2 (c) 

A F° — - 154,830-11.051’ logT + .87 (10 S T 5 1 

Bb(£) -f- 0 2 (g) — Ba0 2 (c) 

A F£ = - 154,380 - 679T log T - .56 (10 »T 2 ) + 

Ba(l) + 0 2 (g)=Ba0 2 (c) 

A = - 156,140 - 5.64T log T - .56 (10 >T 2 ) + 

Entropy, cal. /deg./mole at 298°K: 

Melting Point: 

fleat of Fusion, Kcai./mole: 

Boiling Point: 


1) 

2 ) 

3) 


Transition Point: 

Heat of Sublimation: 

Feat Content or Enthalpy: 

Heat Capacity: 

See Hof. 2 

Decomposition Temperature, "C: 
For DTA scs Ref. 33 

Decomposition Products: 


Range of Validity, °K 
298.16 to 648 
+ .42 ( 1 0 5 T 1 ) + 74.48T 

648 to 977 
.42 (10°T l ) +62.73T 

977 to 1500 
.42 (10 S T ’) + 61.09T 

(c) 18.5 
723°K (450°C) 

5.7 

loses O at 1073*K (800°C) 
decomposes at 1110°K 
(837°C) at 1 atm. 


800 

BaO + O 


Vapor Pressure: 

Dissociation Press. : 760 mm. at 795°C 


Press, atm. 

0.0149 

0.0861 

0.1855 

0.945 

1.220 

1.534 

1'emp. “K 

891.1 

970.1 

10101 

1108.1 

1126.1 

1141.1 


X-Ray Crystallographic Data: 

System Space Group a c Molecules /Unit Cell 

tetragonal O \l 5.34 6.77 

DJj; 5.39 6.85 4 

Hygroscopicity : Slowly decomposes in air and on contact with water. Combines 
with water to form BaO : • 8H 2 0 

Gain in mg./g. at R.T. after equil. was established in vac. desic. 

Reagent Grade: 


TO 

65 

75 

86 

93 

24 hrs. 

0.6 

6. r 

28.7 

48.0 

Equil. 

1.0 


~ 78.1 

126.0 


Solubility Data: In cold water: 

In hot water: 
In dilute acide 

In acetone : 


very soluble 
decomposes 

soluble; with decomposi- 
tion forming H 2 0 2 
insoluble 


6 

1 

6 

1 

8 


1 

29 and 
Addnl P.ef3. 
1.2,3 

Addnl, Ref. 1 
42V7 

1 

97V6 

29 


32 


1 
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Curium Peroxide, Bat> 2 (page 3) 

Heaith Hazard : Ba0 2 is poisonous. It irritates the eyes, nose, and throat, and 
produces dermatitis. Gastrointestinal irritant. 

M.A.C.: 0.5 

Safety Classifications : 

OSM : Class 1. Class 2 when not packed in original containers or equiv- 
alent. 

ICC: Oxidizing material; yellow label. 

Fire and Explosion Hazard : As an oxidizer it is dangerous when heated with 
reducing material ; may result in detonation. 

Electrostatic Sensitivity : 

Use in Pyrotechnics : Ba0 2 is used as an oxidizer and to impart a green color 
to burning compositions. It is used in igniter and tracer compositions. 


29, 12, 50V7 
14 


12 

17 


Additional References : 

1) “The Decomposition of Barium Peroxide and the Reactivity of the 
Resulting Baiium Oxide,” J. A. Hedvall, Zeit. anorg. Cbem. 10U, 163 
(1918) ; J. Chem. Soc. Abstracts 1919 it, 26 

2) "Kinetics of the dissociation of Ba and Ca peroxides," M. M. Pavlyu- 
chenco and Yu S. Rubinchik, C.A. 52, 19362 (1958) 

3) "Heating curves for the hydrates of the peroxides of the Group II 
metals,” I. I. Vol’nov, C.A. 52, 19384 (1958) 


65 


Refs. 


BENZANTHRONE, C 17 H lu O 

(7-oxo-7-i»enz(d,e)anthraquinone, 7-H-beuz (d,e) anthracene-7-one, 
7-meso-benzanthrone, Benzan B, Research Vat Golden Yellow GK) 

Structural Formula : 

II 
0 



Specification No.: 

The specification requires: 

Molecular Weight: 

Crystalline Form: 

From alcohol or benzene : 

From nitrobenzene : 

Color : 

Density, g./ml.: 

Coefficient of Thermal Expansion : 
Heat of Formation : 

Free Energy: 

Entropy : 

Melting Point: 

Heat of Fusion: 

Boiling Point: 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature, °C: 

For DTA and TGA see Refs. 80 


MIL-B-50074 
purity — minimum 77% 
water — maximum 1 % 

230.25 

orthorhombic 

needles 

pale yellow 
(solid) 1.371 


447°K (174°C) 
448.1°K (173. 1°C) 


about 426° (see below) 

81 


Decomposition Products : 
Vapor Pressure: 


Press, mm. 

I 

ID — 

*9 

”W~ 

299 

T-sno. °C 

225.0 

297.2 

850.0 

890 

426.5 with decompn 


1 

.ddnl. Ref. 3 

Ac. 'nl. Ref. 3 

1 

Addnl. Ref. 1 


1 


Benean throne (page 2) 

X-Ray Crystallographic Data: 

System Space Group a b 
orthorhomic D< 14.57 15.00 

Fo. bond lengths see Addnl. Ref. 2 
Hygroscopicity : 

Solubility Data: at 20°C per 100 g. solvent, 
glacial acetic acid : 
benzene : 
chlorbenzene : 
in tetrachlorethane : 

In con. HjSO<: 


Molecules/ 
Unit Cell 
4 


18V III, 
Addnl. Ref. 3 


0.52 

0.61 

2.05 

soluble 


89V14 


soluble, giving an orange- 88V7 II 
red color" with an olive- 
green fluorescence 
soluble 


In toluene: soluble 

Health Hazard : Some, as indicated by the spec, requirement that “each con- 
tainer shall be conspicuously labeled- ‘CAUTION — AVOID SKIN CON- 
TACT; USE WITH ADEQUATE VENTILATION.' ” 

Fire and Explosion Hazard: slight when heated; 

emits smoke 

Safety Classifications: 

OSM: not listed 

ICC: not listed 

Electrostatic Sensitivity : 

Use in Pyrotechnics : To produce a yellow color in smoke grenades. 

Additional References: 

1) ‘"Freezing Point and Purity Data for Some Organic Compounds," C. 
R. Witschonke, Anal. Chem. 26, 563 (1954) 

2) “Calculated Bond Lengths in Some Cyclic Compounds. Part II. Ben- 
zanthrone, Acedianthrone, and Flavanthrone,” T. H. Goodwin, J. Chem. 
Soc. 1955, 1689 

3) “Cell Dimensions and Space Groups of Some Carbocyclic Compounds,” 
H. C. Boyd et al., Acta Cryst. 7, 142 (1954) 


Refs. 


BLACK POWDER 

(Gunpowder) 

JJlack powder is an intimate mechanical mixture of potassium or sodium 
nitrate, charcoal, and sulfur. Willow or alder charcoal and flour of sulfur and 
2-3% of water are well mixed in a tumbling barrel. This mixture is trans- 
ferred' to a wheel mill and the desired amount of crystalline potassium nitrate 
and several percent of water are added. The mill is run for several hours to 
obtain a uniform mixture. During mixing the mixture is kept damp by the addi- 
tion of water. The mixture is pressed at about 6000 psi and then broken up by 
passing between rolls. Broken pieces are screened into sizes and material of 
undesired size is reconsolidated and passed through rolls and screened. Material 
of acceptable size is then thoroughly dried in hot air ovens at about 60°C. The 
material may be polished before drying by rotating it in a tumbling barrel. 
After tumbling, the black powder is sieved and the fines removed. 

Black powder is sensitive to friction, heat, and impact, and is very danger- 
ous to handle. It absorbs moisture and deteriorates rapidly. If kept dry, it will 
retain its properties indefmitt.lv. Combustible materials that have absorbed 
liquors leached from black powder are a severe fire hazard and may become 
explosive. Every safety precaution should be taken in black powder manufac- 
ture and operations. 

Black powder has a composition close to the stoichiometric proportions 
needed to satisfy the equation: 

2KNO„ + S + 3C->K 2 S + 3C0 2 + N 2 

In practice, the proportions may be varied slightly. 

Formula (specification) : KNO a , 74.0% 

S, 10.4% 
charcoal, 15.6% 

Specification No. : JAN-P-223A 

(all seven grades listed in the specification are used in pyrotechnics) 

Crystalline Form: mechanical mixture 

Color : . * black 

Density, g./ml. : approx. 1.6, variable de- 

pending mainly on condi- 
tions of preparation 

Decomposition Temperature : Exothermal preigniticn reaction starts at about 
260° C and culminates at approximately 300 C (DTA and TGA curves). 

Decomposition Products : 

Hygroacopicity : Black powder is appreciably hygroscopic and is prepared and 
kept under conditions of low humidity so that its properties will not be 
adversely affected. 


Temp. °C 

R.H.% 

Gain % 

26 

76 

0.75 

25 

90 

1.91 

30 

90 

2.51 


13, 50V6 

14, 13 


13 

Addnl. Ref. 4 

13 
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Black Powder (page 2) 


285 (H 2 0 gas) 
2770 

685 (H 2 0 liquid) 
195.200 


Explosion Data: 

Specific Volume at S.T.P., l./kg. : 

Explosion Temperature, °C : 

Heat of Explosion, Kcal./kg. : 

Characteristic Product (V 0 Q) : 

The equation for the burning of black powder has been given as approxi- 
mately : 

74KN0 3 -f 36C + 30S + 16H 2 0-+35N 2 + 56C0 2 + 14CO -f 3CH 4 + 2H.S 
+ 4H 2 + 19K 2 C0 8 + 7K 2 S0 4 + 8K 2 S 2 0 9 + 2K 2 S -f 2KSCN + (NH 4 ) 2 CO a 
+ C -f- S 

For other equations see Ref. 54V2 
Health Hazard : none mentioned 


Safety Classifications: 

OSM: Class 9 (in charges or containers) 

ICC : Class A explosive, not accepted for railway express. Black powder 
igniters with empty cartridge bags, classified class C explosives. 

Fire and Explosion Hazard: Black powder can be detonated by friction, heat, 
and impact. 

Electrostatic Sensitivity: unconfined > 12.5 joules 

energy required to ignition: confined 0.8 joules 

Impact Sensitivity, 2 kg. weight falling on 16 mg. sample : 

Bureau of Mines Apparatus, cm. 32 (10% Point) 

P.A. Apparatus, in. 16 (10% Point) 

Initiating Efficiency (min. wt. in grams required to initiate B.P.) : 

Igniter Composition K-31 : 2.0 

Igniter Composition K-29: 2.3 


Friction Pendulum Test: 

Stee 1 shoe : snaps 

Fibre shoe: unaffected 


-■on Temperature Test: (0.02 g. sample in No. 6 copper detonating cap) 
Seconds Temp. °C 

0.1 (no cap used) 510 

1 490 

5 427 ignited 

10 356 


75% Internationa 1 Heat Test: 

Loss in 48 hrs., w n ’"ht %: 0.31 

Vacuum Stability Tests, cc./^rs. cn 5 g. sample: 100°C, 0.5 

120^, 0.9 


Sand Teat, with 200 g. bomb ai 
Grams sand crushed to pass 
Sensitivity : 

Ballistic Mortar, % of TNT : 


0.4 g. sample of black powder: 
-mesh screen : 8 

tetryl, 0.25 g. 

50 


Addnl. Ref. 5 


50V6 


14 

Addnl. Ref. 6 

Following 
data on this 
page from 13 
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Blavk Powder (page 3) 

Trauzl Test, % of TNT: 10 

Detonation Rato, ir.eters/seo. at density 1.6: 400 

Heat of Explosion, cal./g. : 684 

Gas Volume on Explosion, cc./'g. 271 

Method cf Loading: 1) loose (granulated) 

2) pressed 


Loading g./w i" ' of poi. 


psi 

25 

50 

60 

65 

70 

75 

Density 

1.74 

1.84 

1.86 

1.87 

1.88 

1.89 


Method of Storage: dry 

100° Vacuum Stability Test, cc. gas/40 hrs. from a 5 g. sample : 

Initial value : 0.5 

After 2 years at 65°C : 0.86 

After 2 years at 65°C and 75% R.H. : 1.46 

Compatibility with metals: 

Dry — compatible with all metals when moisture c»; itent is less than 0.2%. 
Wet — attacks all common metals except stainles: steel. 

Destruction : 

Black powder may be completely destroyed by leaching or washing with 
large quantities of water and disposing of the washings separately from 
the residue. 

Use in Pyrotechnics : Black powder is used as an igniter powder, and in time 
-mgs (fuzes), fireworks, rockets, Roman candles, and firecrackers. 

Additional References: 

1) “Initiation, Burning and Thermal Decomposition of Gunpowder,” J. 
Blackwood and F. Bowden, Proc. Roy. Soc. 21 3, 285 (1952) 

2) “Chemistry of Powder and Explosives,” T. L. Davis, John Wiley & 
Sons, Inc., New York (1943) 

3) Refs. 52 V4 and 54V2 

4) “A Thermoanalytical Study of the Ignition and Combustion of Black 
Powder,” C. Campbell and G. Weingarten, Trans. Faraday Soc. 55, 
2221 (1959) 

5) “Explosives,” H. Brunswig, John Wiley & Sons, Inc., New York (1912) 

6) “Sensitivity of Explosives to Initiation by Electrostatic Dischaig s,” 
F. W. Brown et ah, U.S. Dept, of Interior, Bureau of Mines, R.I. 3852 
(1946) 
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BORON, 8 


Refs. 


Specification No.: 
Molecular Weight: 
Crystalline Form : 


Color . 

Density, g„/ml. : * 

flnefficient. of Thermal Exnansion. 
linear, 20-750 °C : 

Heat of Formation, Kcal./mole at 298° K: 

Free Energy of Formation, KcaL/mole at 298° K : 
Entropy, Kcal./mole at 298°K: 

See Table a 
Melting Point: 

Heat of Fusion, cal./mole: 

Boiling Point: 

Heat of Vaporization, cal./mole : 

Transition Point: 

Heat of Sublimation, cal./mole at 298°K: 

Heat Content or Enthalpy, cal./mole at 298°K: 
See Tables a and b 

Heat Capacity, cal./deg./mole at 298°K : 

See equations under Tables a and b 


PAPD-451 

10.82 

ii.onoclinic crystals or 
amorphous powder 

yellow or brown 

(c) 2.34 (amor.) 2.37 
2.35 


17.4 X id* per °C 
(gas) 97.2 
'gas) 86.7 
(c) 1.40 

(gas-monatomic) 

36.65 

2313°K (2037 ± 37°C) 
5300 

4198°K (39275°C) 
128,000 

141,000 

292 

(solid) 2.63 
(liquid) 7.3 
(gas) 4.97 


1 

1 

1A 

31A 

T7 

1,9 

1.9 
5 

5 

31A 

5 

31A 

5 

5 

5 

5.9 


a. HEAT CONTENT AND ENTROPY OF B(c, 1) 
(Base, crystals at 298.15°K ; atomic wl. 10.82) 


4 


V, K 

Ht-Hjjj.ij 

cal./mole 

St~Si» 8.1* 
cal. /deg. 
mole 

T, °K 

H-]-- Hj»8.15 

cal./mole 

Sr-S»».is 

cal./deg 

mole 

400 . . . 

310 

0.89 

1700 

7765 

8.61 

500 .. . 

690 

1.73 

1800 

8460 

9.00 

600 .. . 

1120 

2,52 

1900 

9165 

9.38 

700 .. . 

1600 

3.26 

2000 

9880 

9.75 

800 .. . 

2120 

3.95 

2100 

10,605 

10.10 

900 .. . 

2670 

4.60 

2200 

11,340 

10.46 

1000 . . . 

3245 

5.20 

2800 (c) . . . 

12,080 

10.78 

1100 . . . 

3845 

5.78 

2300 (1) . . . 

17,380 

13 OS 

1200 . . . 

4465 

6.31 

2400 

18,130 

18.40 

1300 . . . 

5100 

6.82 

2600 

19,630 

14.03 

1400 . . 

5750 

7.30 

2800 

21,130 

14.5b 

1600 . . 

6410 

7.76 

3000 

22.630 

15.07 

1600 . . 

7080 

8.19 
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Boron, B (page 2) 


B(c) : 

Enthalpy : H T - H Ng ., 8 = 4.13T + 0.83 X 10-»T* + 1.76 X lO'T 1 - 1895 
(2.1 percent ; 298° -2S00°K) 

Heat Ca city : C„ = 4.13 -f 1.66 X 10**T - 1.76 X 10 S T 2 

B(i): 

Enthalpy : H T - H„ a . 1P = 7.50T -f 130 (0.1 percent ; 2300° - 3000°K) 


b. HEAT CONTENT AND ENTROPY OF B(amor.) 
(Base, amorphous substance at 2y8.15°K ; atomic wt., 10.82) 


4 


T, °K 

jy it 
xl T - 

cal./mole 

«-« C* 

lO 

cal./deg. 

mole 

T, °K 

H«r— H 2 l>p 1R 

cal./mole 

St — S 2 t8.iR 
cal. /deg. 
mole 

400 .... . 

350 

1.00 

■Bi 

3160 

5.4C 

500 .... . 

785 

1.97 

— w 

3840 

6.12 

600 

1295 

2.90 

I 1100 . . . . 

4f,35 

6.78 

700 

1870 

3.78 

1200 . . . . 

5255 

7.40 

800 

2500 

4.62 





B(amor.) : 

Enthalpy : H T - Haw.is = 3.34T + 1.98 X 10*T 2 + 1.48 X 10 8 T* 1 - 1668 
(1.1 percent ; 298° - 1200°K) 

Heat Capacity : C„ = 3.34 + 3.96 X 10 *T - 1.48 X 10T* 


c. HEAT CAPACITY OF B 
(Solid to 2300°K ; liquid from 2300° to 3000°K) 


T, °K C? 

~298 
400 
800 
1200 
1600 
2000 
2200 

2300-3000 


(cal./deg./mole) 

£63 
3.45 
5.35 
6.27 
6.78 
7.20 
7.40 
7.50 


Decomposition Temperature: 
Decomposition Products: 
Vapor Pressure: 


Press, mm. 

io-« 

io-« 

10-' 

10* 

1 

10* 

760 

M.P. 

Temp. °K 

1650 

1850 

2100 

2430 

2930 

3730 

4200 

2300 


56 
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Boron, B (page 3) 


Molecules/ Unit Cell 
50 
180 


X-Ray Crystallographic Data: 

System Space Group a c Molecules/ Unit Cell 

tetragonal or Cj r 8.73A 5,03 50 

hexagonal 11.98 9.54 180 

See also Ref. 44S13 sup 

Ilygroacopicity : 

Solubility Bau»: In water: insoluble (slightly soluble 

when freshly prepared) 
In HNO s , H 2 S0 4 : soluble 

In ale., eth., alk. : insoluble 

Health Hazard : Boron is not highly toxic out it is a cumulative poison which 
affects the central nervous system. 

Safety Classification: 

OSM : Class 2 when not packed in original containers or equivalent. 

Fire and Explosion Hazard : Boron dust is dangerous as it can ignite on contact 
with air and explode. It reacts with oxidizing agents and is a dangerous 
fire and explosion hazard. It bums with intense heat. In the presence of 
moisture hydrogen may be evolved. Therefore B should be stored in a dry 
atmosphere and in a properly vented building. Use only nonsparking tools 
around B. To fight a fire use no water ; use powdered graphite, dolomite, 
salt, or other inert material. At about 600° it ignites and burns with a 
brilliant green flame. 

Electrostatic Sensitivity : 

Use in Pyrotechnics: Boron 4 s used as a component of non-gaseous fuze 
powders. 

additional References: 

1) “Boron,” J. A. Kohn et al., eds., Plenum Press, Inc., New York (1960). 
Proceedings of the Conference on Boron, sponsored by the Institute for 
Exploratory Research, The U.S. Army Signal Research and Develop- 
ment Laboratory, Fort Monmouth, N.J. 


12, 14, 16 
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CALCIUM, Ca 

Specification No.: 

Molecular Weight : 

Crystalline Form: 

Color : 


Density, g./ml.: 

Coefficient of Thermal Expansion, linear, 0-300° : 

cubic, 0-21°: 

neat of Formation, Kcal./mole at 298°K : 

Free Energy of Formation, Kcal./mole at 298° K: 
Entropy, cal./deg./mole, at 298°K : 

See Tables a, b, and c 


12056A (tech.) 

40.08 

cubic 

silvery white when first 
cut ; tarnishes to blue-grey 
on exposure to air 

(solid) 1.55 
22 X 10- 8 
717 X 10* 

(gas) 42.200 
(gas) 34.138 

(c) 9.95 ± .10 
(gas) 36.99 


1 

29 

1 

36 

5 

5 

3, 5 
5 


Melting Point: 

Heat of Fusion, cal./mole: 

Boiling Point: 

Heat of Vaporization, cal./mole : 

Transition Point: 

Heat of Transition, cal./mole: 

Heat of Sublimation, cal./mole, at 298°K : 

Heat Content or Enthalpy, cal./mole at 298°K : 

See Tables a, b, and c 
Heat Capacity, cal./deg./mole at 298°K : 

See data below 


1123°K (850°C) 
2070 ± 80 
1765°K (1492°C) 
35,840 

a to f3 713°K (440°C) 

270 

42.200 

(solid) 1380 

(solid) 8.30 
(liquid) 7.40 
(gas) 4.97 


4,5 

4,5 


5 

5 

4,5 

4 

5 
5 

4,5 


l. HEAT CONTENT AND ENTROPY OF Ca(c. !) 
(Base, a -crystals at 298.16°K; atomic wt., 40.08) 


T, °K 

Hr — Hn«.i& 
cal /mole 

St - Su,. in 

crl/deg. 

mole 

T. °K 

cal./mole 

St - S*t». 
cal./deg 
mole 

400 . . . . 

660 

1.90 

1123 (0) . . 

6825 

10.89 

500 ... . 

1340 

3.42 

1128 (1) . . 

8895 

12.23 

600 ... . 

2056 

4.72 

1200 .... 

9465 

12.72 

700 .... 

2800 

5.87 

1300 . . . 

10,205 

18.31 

713 («) . . 

2300 

6.01 

1400 .... 

10,945 

18.86 

713 (/») . 

3170 

6.39 

1500 .... 

11,686 

14.37 

800 ... . 

3850 

7.29 

1600 .... 

12,426 

14.86 

900 ... . 

4690 

8.28 

1700 .... 

13.165 

15.30 

1000 .... 

5605 

9.24 

1800 .... 

13,905 

15.72 

1100 .... 

6590 

10.18 
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Cv'duni, Ca (page 2) 


Ca (<*) : ; 

Enthalpy : H T - H, M .„ = 5.25T -f 1.72 X 10 «T* - 1718 (0.3 percent ; 298° ■ 713°k> 
Heat Capacity : C„ — 5.25 } 3.44 X 10 a T 

Ca(/3). 

Enthalpy: H t -H 288 . !8 = 2.68T -f 3.40 X 10 “T 2 - 472 (0.1 percent; 713° -1123°K) 
Heat Capacity : C p — 2.68 -f 6.80 X 10 ’T 

Ca(l) : 

Enthalpy: H t -H»h. w = 7.40T + 585 (0.1 percent; 1123° ~1800°X) 


,j. HEAT CONTENT AND ENTROPY OF Ca(g) 4 

(Base, ideal gas at 298.15°K; atomic wt., 40.08) 


T, °K Ht — Hoflft. i b St — 8298.15 T, °K Ht — H 8 »i 4 i 8 St'Sjoh.is 

cal./mole cal -'deg. cal. /mole cai./deg. 

mole mole 

400 605 1.46 1900 7965 9.21 

500 1005 2.57 2000 8465 9.46 

600 1500 3.48 2200 9470 9.94 

700 1995 4.24 2400 10,490 10.39 

800 2495 4.90 2600 11,535 10.80 

900 2990 5.49 2800 12,615 11.20 

1000 3490 6.01 3000 . . . . 13,745 11.59 

1100 3985 6.49 3500 16,880 12.56 

1200 4480 6.92 4O00 20,670 13.57 

1300 4980 7.32 4500 25,250 M.64 

1400 5475 7.69 5000 30.685 15.79 

1500 5975 8.03 3000 43,870 18.18 

1600 6470 8.35 j 7000 59,365 2u>7 

1700 6970 8.65 3000 76, (40 22.81 

1800 7465 8.94 


Ca(g) : 

Enthalpy: H T - H 288 .i 5 = 4.97T - 1482 (0.1 percent; 298° -2500°K) 
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Calcium, Ca (page 3) 


c. HEAT CAPACITY OF Ca 


Solid I from 298° - 7TVK 

Solid II from 713° - 1 123° K j 

Liquid from 1123° - 1765°K 

Gas (mon) from 1765° - 3000°K 

T,°K 

CJ (cal. /deg./mole) 

T, °K C° (cal. /deg./mole) 

298 

6.30 

1200 to 


400 

6 61 

1700 

7.40 

600 

7.81 

1800 

4.99 

700 

7.64 

2200 

5.06 

800 

8.00 

2600 

5.30 

900 

8.7." 

3000 

5.80 

1000 

9.49 



1100 

10.18 I 

i 

i 


Decomposition Temperature : 
Decomposition Products: 

Vapor Pressure: 

DTA 



Press, mm. 10 40 

100 4 DO 760 

M.P. 


Temp. °C 983 1111 

12C7 1388 1487 

851 


X-Ray Crystallographic Data : 

System Space Group 

cubic Og 

Hygroscopicity • Reacts with water 
Ca(OH)j and hydrogen. 

Solubility Data: In water: 


Atoms/Unit CeU 
4 


(much slower than does sodium) to form 


In acids. 
In alcohol: 


In benzene, liquid 

Health Hazard: 

Safety Classifications: 

OSM: 

ICC: 

U.N.: 


reacts to form Ca (OH) 2 
and hyarogen 
soluble 

slightly soluble, with 
which it reacts slowly 
NH 8 , kerosene: insoluble 

caustic to all tissues 


not listed 
not listed 
not listed 


Fire and Explosion Hazard. The powdered metal exposed to air i3 a dangerous 
fire hazard. It burns with intense heal and a crimson flame. When com- 
pounded with oxidizing a -ents the powdered metal is both \ dangerous lire 
and explosion hazard. It is a strong reducing agent. Contact with alkali hy- 
droxides or carbonates may cause detonation. Precautions should be taken 
to prevent water from contacting the material. Store and process it only 
in rooms or buildings adequately vented at the highest point to prevent 


33 

1 


1 

1,29 

1 


29 


12, 14. 29 


L 
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Calcium, Ca (page 4) 

accumulation of evolved hydrogen gas which results from the react' >n of 
powdered metal and moisture. In the repair or maintenance of buildings 
or equipment, powder or dust should be removed and non-sparking tools 
used, CCh should not be used near calcium as an explosion may occur. 

Electrostatic Sensitivity : 

Use in Pyrotechnics : As a f ue 1 and to impart a crimson color to burring com- 
positions. 


Audnl. Ref. 2 


Additional References: 

1) Ref. 94 

2) C.A. 37 , 2578 (1943) 
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CALCIUM CARBONATE, CaCO, 

(garble, Precipitated Chalk, Vhitisg, Wfeiie Chalk, Prepared Qialk, 
Csfefef, Dmp CStalk, Paris ’Piiite, English Wbste, Iceland Spar) 


Specification No.: 

Moiecuj/u Weight : 

Crystalline Form : 

Color: 

Density, gym!.: 

Coefficient of Thermal Expansion, 
cubical, marble: 

Iceland Spar, 50-60°C: 
calcite, linear — parallel to axis, O-SS^C : 
perpendicular to a: , 0-86°C : 

Heat of Formatioa, Kcal./mole at 298°K: 


Free Energy of Formation, Kcab/mole at 298 C, K: 

Entropy, cal./deg./moie at 298° K: 

jgee Tables a and b 
Melting Point: 

(at 102.5 atm.) 

Heat of Fusion, 15°g. cal./molc- : 

Foiling Point: 

Transition Por,t: 


JAN-C-293 

100.09 

(aragonite) rhombic 
(calcite) hexagonal 

colorless 

(aragonite) 2.93 
(cakiie) 2.711 


O.S-O.6 X 10- 4 
0.1447 X 10-* 

2&.14 X 10-* 

5.88 X 10-* 

aragonite (c) -288.49 
calcite (c) -288.45 

aragonite (c) -269.53 
calcite (c)-269.78 
(aragonite) 22.2 =t 0.3 
(calcite) 22.2 ± 0.2 

(cragonite) about 1098°K 
(826°C) 

(calcite) 1612°K 
(13S9°C) 

12,700 


Heat of Sublimation: 

Heat. Content or Enthalpy : see below 


Refs. 

1.11,29 


1 

1 

1 

1 

1 

1 

1,9 

1,9 

3 

3 

1 

7 


a. HEAT CONTENT AND ENTROPY OF CaCO, (CALCITE) 
(Base, crystals at 298.15°K; mol. wt., 100.09) 


4 



cal ./ l _oie 

S»-S***,u 

eal./deg. 

mole 

— 

cal./iaole 

Sv-SlM.lt 

ci/deg 

mole 


-mo 

6.38 

900 ... . 

15,Bk>0 

27.01 

500 

4510 

11.71 

1000 .... 

18,430 

30.70 

600 

7200 

16.43 

1100 .... 

21,450 

SS.68 

70C ...... 

800 

9890 

12,600 

20.57 

24.27 

1200 .... 

24,550 

36.27 
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Calcium Carbonate (page 2) 


CaCO, (cal cite) : 

Enthalpy : H T - H m .„ = 24.98T + 2.62 X 10*T* + 6.20 X 10*T l - 9760 
(0.3 percent ; 298° - 1200°K) . 

Heat Capacity : C, — 24.98 + 6.24 x 10*T - 6.20 X 10 # T'» 


b. HEAT CONTENT AND ENTROPY OF CaCO, (ARAGONITE) 
(Base, crystals at 298.15°K; mol. wt, 100.09) 


CaCO, (aragonite) : 


Enthalpy : H? ~ H M .„ = 20.13T + 6.12 X 10*T* + 3.34 X lO 8 ! 1 * 1 - 7677 
(0.1 percent ; 298° - 600°K) 

Heat Capacity : C, = 20.13 + 20.24 X 10 *T - 3.34 x 10®T-* 


Heat Capacity, cal./deg./mole: 


(aragonite) 19.42 
(calcite) 19.67 


Decomposition Temperature : about 826°C 

S. Peltier and C. Duval, Anal. Chim. Acta 1, 346-347 (1947) states that 
CaCO, loses CO, at 660°C and changes to CaO. See also Addnl. Ref. 1. 

Decomposition Products : CaO 4- CO, 

For Dissociation Pressure see Ref. 54V3 t 

log P..«. = 11,355/T - 5.388 log T + 26.238 

Vapor Pressure: 


X-Ray Crystallographic Data: 

Space 

System 
aragonite: rhomb, 
calcite : rhbdr. 


Group 

Vi* 


d m 


a b e 
4.94 7.94 5.72 
6.361 


Axial 

Angle 


o = 46°6' 


Molecules/ 
Unit Ceil 
4 
2 


Hygroscopicity : 


insoluble 
slightly soluble 
soluble with evolution cf 
CO, 

k. 

Health Haxard: Large doses may cause constipation 


Solubility Data: In water: 

In water saturated with CO, : 
In dilute acids: 


54 VS 
42V7 


29 


29 


T, °K 

Ht— Hass.ts 
cal./mole 

St-Sjm.i, 

cal./deg. 

mole 

T,°K 

Ht - Hjjk. 15 
cal./mole 

Sr - 3 *m.ib 
cal./deg. 
mole 

360 

1050 

3.24 

500 

1400 

11.27 

400 

2130 

6.13 

560 .... . 

5650 

13.68 ; 

460 .... . 

3260 

8.79 

600 .... . 

6900 

15.75 f 
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Caletam Carbonate (page 3) 


Safety Classifications : 

OSM : not listed 

ICC : not listed 

U.N. : not listed 

Fire and Explosion Hazard: none 


Electrostatic Sensitivity : — — 

Use in Pyrotechnics : CaCO, is used as a retardant and antacid. It imparts a 
yellow-red color to burning compositions. 

Additional References: 

1) "Differential Thermal-Analysis Studies of Ceramic Materials: 1, Char- 
acteristic Heat Effects of Some Carbonates'’, R. M. Graver, J. Am. 
Ceram. Soc. 33 , 96 (1950) 



CALCIUM NITRATE, Cs(NO a ) a 

(Lime Saltpeter, Lime Nitrate, Nitro Calcite, Norway Saltpeter) 

Percent Oxygen : 58.50 

Specification No.: none 

Molecular Weight: 164.10 

Crystalline Form: cubic 

Color : colorless 

Density, g./ml. : (solid) 2.36 

Coefficient of Thermal Expansion : — — 

Heat of Formation, Kcal./mole at 298°K: (c) -224.0 

Free Energy of Formation, Kcal./mole at 298°K: (c) -177.34 

Entropy, cal./deg./mole at 298°K : 46.2 

See table below 

Melting Point: 834°K (561°C) 

Heat of Fusion, Kcal./mole: 5.1 

Boiling Point: decomposes 

Heat of Vaporization: 

Transition Point : 

Heat of Sublimation: 

HEAT CONTENT AND ENTROPY OF Ca(No,)*(c) 

(Base, crystals at 298.15°K; mol. wt., 164.10) 


Refs. 

1,11,16 


1,9 

1.9 

1. 4.9 


L 

\ 

T, °K 

H T -H*t«.i» 

cal./mole 

St- Sms. it 

cal. /deg. 
mole 

T, °K 

Ht-Hjm.i# 

cal./mole 

St-Stm.,* i ! 

cal./deg. | 

mole i 


400 ... . 

3960 

11.42 

700 

18,410 

38.01 


500 

8340 

21.15 

800 

23,970 

45.43 i 


600 

13,150 

29.91 





Ca(N0 3 )s(c) : 

Enthalpy: H x - H*.,, = 29.87T + 18.40 X 10 *T* + 4.13 X 10T-* 
- 11,778 (0.3 percent; 298° - 800°K) 

Heat Capacity: C, = 29.37 + 36.80 X 10 *T- 4.13 X lO*^’ 

Heat Capacity, cal./deg./mole : (solid) 35.69 

See also equation immediately above 


Decomposition Temperature: 

Decomposition Products: 

For DTA and TGA see Refs. 33 and 47 
Vapor Pressure: 


480-500°C 


Addnl. Ref. 1 



Calcium Nitrate, Ca(NO*#» (page 2) 

X-Ray Crystallographic Data: 

Syttem Space Group a Molecule* /Unit Cell 

cubic Tg 7.60 4 

Hygroacopicity: Deliquesces in moist air. Keep in tightly closed container. 

Solubility Data: In water, g./lOO ml. at °C; 102 at 0°, 841 at 25°, 

376 at 100° 

In acids : very soluble 

In ethyl, acetate, and alcohol : soluble 

Health Hazard: Large amounts taken internally are poisonous. 


1.97V7 

29 

29 

12 


Safety Classifications : 

OSM: Class 1 

ICC: Listed under "Explosives and Other Dangerous Articles.” Oxidizing 
material; yellow label. 

. Fire and Explosion Hazard : Ca(NO«) - may explode when shocked, or by heat, 12 
flame, or chemical reaction. It is a strong oxidizing agent and reacts vigor- 
ously with oxidizable materials. Ca(NO*) 2 emits toxic fumes on decompo- 
sition. 

Electrostatic Sensitivity: 

Use in Pyrotechnics: Ca(NO*) 2 is used as an oxidizer and to impart a yellow- 1 
red color to burning compositions. 


Additional References: 

1) C.A.4P, 129S2 (1956) 


CALCIUM OXALATE, CaC,0 4 ‘H s O 

( Monohydrate ) 


Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color: 

Density, g./ml. : 

Coefficient of Thermal Expansion: 

Heat of Formation, Kcal./mole at 298°K : 

Free Energy of Formation, Kcai./mole at 298°K : 
Entropy, cal./deg./moie at 298°K : 

Melting Point: 

Heat of Fusion : 

Boiling Point : 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity, cal./deg./mole : 

Decomposition Temperature : TGA 


JAN-C-628 
146.12 
monoclinic 
colorless 
(solid) 2 2 

-399.1 

-360.6 

37.28 

loses H*0 at 
473° K(200°C) 


(solid) 36.40 


See pyrolysis curve below 

Decomposition Products : Calcium carbonate, calcium oxide. 

See pyrolysis curve below 
Dissociation Pressure for CaC*0 4 : 


T°C 

P-. 

T°C 

P-, 

378 

8.2 

410 

260.0 

388 

80.0 

416 

587.0 

403 

134.0 

418 

684.0 


Refs. 


1,5 

1 

1 

1 

1 

1,9 

1,29 


9 

Addm. Kefs. 
1,2, 3, 4,6 

91 

91 


X-Ray Crystallographic Data: 


System 

Space Group 

a 

c Molecules/Unit Ceil 


2ft H|0 tetragonal 

c/„ 

12 392 

7X81 

18V2 

3H,0 

C‘«a 

12X75 

7X77 4 

86 


Hygroacopicity : 

Solubility Data: 

In water, acetic acid, and alcohol : insoluble 

In acids : soluble 

Health Hazard : Corrosive and produces local irritation. Has a caustic effect on 
mouth, esophagus, and stomach. Can cause severe damage to kidneys. 



73 



Use in Pyrotechnics : As a retardant and to impart a pink color to burning 
compositions. 

Additional References: 

1) "On the Thormogravimetay of Analytical Precipitates,” S. Peltier and 
C. Duval, Anal. Own. Acta U Ml (1947) 

2) E. S. Freeman and B. Carroll, J. Phys. Chem. 63, 394 (1958) 

8) Nature 173 , 324 (1956) 

4) “Anhydrous Calcium Oxalate as a Weighing Form for Calcium,” C. C. 

Miller, Analyst 78, 186 (1953) 

6) C.A. 47, 5766 (1963) 
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CALCIUM OXIDE, CaO 

(Lime, Bi-rnt Lime, Fat Lime, Quick Lime, Calx, Calcia) 
Specification No.: 

Molecular Weight: 56.08 

Crystalline Form: cubic 

Color : colorless 

Density, g./ml.: 3.346 

Coefficient of Thermal Expansion, cubical : 5.0 X 10 7 

Heat of Formation, Kcal./mole at 2S8 L K: (c)-151.9 

See Table a 

Free Energy of Formation, Kcal./mole at 298°K: (c)-144.4 

See Table a 

a. HEAT AND FREE ENERGY OF FORMATION OF CaO(c) 

Ref 8. ! 

j 

1 

1 

1 

31 

9 j 

i 

o ‘ 

2 | 

T, °K 

H (cal./mole) 

F c (cal./mole) 

1 

298.16 . . . . 

-150,650 (± 400) 

-143,250 (±500) 

i 

400 

-150,600 

-140,600 


500 ..... 

-150,500 

-138,250 

l 

600 

-150,450 

-135,800 

i 

673 

-150,400 

-134,000 

i 

673 

-150,500 

-134,000 

{ 

700 .... 

-150,450 

-133,350 


800 

-150,400 

-130,900 


900 .... . 

-150,300 

-128,500 


1000 

-150,250 

-126,050 


1100 

-150,200 

-123,600 


1124 

-ibi/,200 

-123,050 


1124 

-152,450 

-123,050 


1200 

-152,350 

-121,050 

* 

1300 

-152,200 

-118,450 

i 

1400 

-152,100 

-115,850 

1 

1500 

-151,9*0 

-113,300 


1600 

- 61,800 

-110,700 


1700 

-i51,650 

-108,150 


1760 

-151,550 

-106,660 

$ 

1760 . . . . 

-188,150 

-106,660 

! 

1800 

-188,000 

-104,800 


1900 

-187,550 

-100,200 


2000 

-187,150 

-95,560 

t 


Phase Changes of Metal 


I 

i 

T.P.j 

673°K; ’ — 115 cal./g. -atom 


I 

M.P., 

1124°K ; A H == 2280 cal./g.-atom 


» 

B.P., 1760°K ;iH = 36,60Ucal./g.-atom 
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Cudttn (hide, CaO (page 2) 

F cm Energy Equations : 

Reaction Range of Validity, °K 

1) Ca(«)+ft 0*(ff>= OO(c) 298.18 tc 613 

AFi — 151,860 - 6.58T log T f 1.48 X 10-*T* + 0.68 X W + 48.93T 

2) Ca(/»)+ftO,(g) = CaO(c) STS to 1124 

a F$ = - 161,780 - 4.14T logT -f 0.41 X 10-*T* + 0.68 x HPT- 1 + S7.8ST 
8 ) Ca (1) -f- ft 0g (f) —CaO (c) 1124 to 1760 

iF|=- 153,480 - 1.S6T logT - 0.29 X 10-*T* + 0.68 X 10*T-* + 31.490* 

4) Ca (g) +ftOi (g)=CaO (c) 1760to2000 

A F? =- 194,670 -718T log T- 0.29 X 10-*T* + 0.68 X lO^T 1 -l- 73.84T 
Entropy, eaiy deg./ mole nt 298°K : (c) 9.6 

(b.'aa) 62.3 

See Table b 

b. HEAT CONTENT AND ENTROPY OF CaO (c) 

(Base, crystals at 298.15°K) 


T, °K '<T-U!N.1I 

c«l./mole 



| T, «K 

V 

! 

- Hm.ii 
cal ./mole 

Sr-Sl»*.l* 
cal. deg. 
mole 

! 400 

1100 

3.17 

! 500 

2230 

5.69 

1 800 

3400 

7.32 

i 700 

4600 

9.67 

1 i 800 

6820 

11.30 

I 900 

7040 

12.73 

f 1000 

8270 

14.0S 

I 1109 

9620 

15.22 

| 1200 

10,800 

16.34 


cal./deg. 
e 



CaO(c) : 

Enthalpy : H t - K m i> = 11.67T + 0.64 X 10-*T 3 + 1.66 X 10*T-* - 4061 
(0.3 percent ; ?98 - 2000°K ) 

Heat Capacity : C,= 11.67 4- 1.08 X MHT-1J6 X MPT* 

c. HEAT CONTENT AND ENTROPY OF CaO (gas) 
(Base, ideal gas at 298.15~K) 




1 t,»k 


Hr-H^j, 

ca!./n»ole 

,Sr-S*H.ts 

cal./deg. 

mole 

400 .. . 


825 

2.38 

600 .. . 


1665 

4.26 

600 . . . 


2515 

5.80 

700 .. . 


3880 

7.13 

800 .. . 


4260 

8 30 

900 .. . 

• 

5126 

9.88 















Calcium Oxide, €aO (page 3) 


CaO(g) : 

Enthalpy : H T - H M8 15 = 8. TOT + 0.08 X 10 *T* + 0.74 X M 1 - 2849 
(0.2 percent ; 298° - 2000° Kj 

Heat Capacity : C p = 8.70 + 0.16 X 1G-*T - 0.74 X 10 s T r 

Melting Point . 2843°K (2570°C) 

Heat of Fusion, Xcal./mole • * ?.2 

Boiling Point : 3123 (2850°C) 

Heat of Vaporization: 

Transition Point: 


Heat of Sublimation : 

Heat Capacity, cal. /deg./mole: (solid) 10.23 

See also equations under Tables b and e 
Decomposition Temperature and Products: 

Dissociation Pressure : log ioP mo . = 2.74/10 4 T + 9.97 (over the 
temperature range, 1600 - 1750°K) 

See also Refc. 42V7 and 44B2 for additional values 


X-Ray Crystallographic Data: 

System Space (Troup a Molecules/Unit Cell 

cubic Og 4.797 4 

Hygroscopicity : Very hygroscopic. Combines with water to form Ca(OH)*. 
Keep containers dry and tightly closed. 

Solubility Data : In water, 0.131 at 10°C : 

0.0'/ at 80°C : reacts to form Ca (OH ) 2 

In acidj, glycerol : soluble 

In alcohol : insoluble 

Health Hazard: Caustic reaction on skin and respiratory system. The dust is 
an industrial hazard. Causes dermatitis. Treat with large quantities of 
water. 


if ty Clarifications : 

jSM: notliated 

ICC : r.ot listed 

UN. : corrosive 

Fire and Explosion Hazard: Slightly dangerous. Produces heat on contact with 
water, steam, acids, or acid fumes. 

Electrostatic Sensitivity : 

Use in Pyrotechnics: Calcium oxide is a product of high temperature burning 
of calcium and many of its compounds. 


31A 

9 

31A 


9 


Addnl. Ref. 2 


l 

29 

1 


12, 25, 29 


12 


Additional References: 

1) Ref. 64 

2) “Vapor Pressure Determination of BaO, SrO and CaO, and ' r heir Mix- 
tures fr jm Measurements of the Rate of Evaporaton,” A. Claassen ar.d 
C. Veenemans, Zeit. Physik 80, 342 (1933) ; cited by Ref. 65 
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CALCIUM PERCHLORATE (ANHYDROUS), €*(00,}* 


Refs. 


Percent Oxygen: 

63.56 

Specifics lion No.: 


Molecular Weight : 

238.90 

Cry.«f*lline Form : 

cubic 

Color : 

colorless 

Density, g./id.: 

— 

Coefficient of Thermal Expansion: 

— 

Heat of Formation, Kcai./mole at 298°K : 

(estd.) -178 

Free Energy of Formation : 

— 

Entropy: 


Melting Point: 

39t?°K (123°C) 

Heat of 5'ustGU : 


Boiling Point: 

decomposes 


Values in the literature range from less than 573°K (300 c C) 
to about 68S°K <4I0°C) 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature : 

1/TA and TGA, see Refs. 33, 47 
Decomposition Products: 

Vapor Precsure: 

X-Ray Crystallographic T>atr for Ca ( C10« ) i * 3H0 : 


bubbling slight at 268°C, 
vigorous at 285°C 

Cc-Jlj -)- 0* with traces of 
CaO and Cl* 


System 

hexagonal 


Sor.ee Group 

CJ V 


a 

7.71 


e Molecules/ Unit Cell 
6.4? 2 


Kycoscopicity: deliquescent 

Solubility Data : In water : 188.6 g '100 g. at ,i5°C 

very soluble in hot water 

Solubility m Organic Solvents at 26° C : 

Solvent g./lOO g. solvent 


acetone 61.76 

ethyl acetate 113.5 

ethyl alcohol 166.2 

etnyl ether 0.26 

methyl alcoh ol 237.4 


1 

1 


72 


65 

m 


47 


Addnl. Ref. 1 


65 

1 

1 

65, 72, 77 
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Calcium Perchlorate ( Anhydrru*.' , Ca{C!0. ), (page 2) 


Health 1 :urd : CaC10 4 is a moderate irritant to the akin and mucous mem- 
branes. Avoid contact with skin. A weak muscular poison. It is not cumu- 
lative and not reduced in the body. 

Safety Classifications: 

GSM : Class 1. Class 2 when not packed in original container)) or equiv- 
alent. 

ICC: Oxidizing material; yellow label. Listed under '"Explosives and 

Other Dangerous Articles.” 

Fire and Explosion Hazard : CaCIO* is a powerful oxidizer. It may cause ftrep 
or explceions when shocked or heated or by chemical action with reducing 
substances such sa carbonaceous materials. It forms explosive mixtures 
with sulphur, powdered magnesium, and aluminum. It also emits highly 
toxic fumes when heated. 

Electrostatic Sensitivity : 

Use in Pyrotechnics: CaC10 4 is used as an oxidizer and to impart a yellow-red 
color to burning compositions. 


12 , 


12 


Additional Referenc* 1 * : 

1) C.A. 51, 2439 (1967) 


Refs. 


CALCIUM PHOSPHIDE, Ca s P 2 

(Photcpbor) 

Specification No.: MIL-C-3539 

The specification covers two types : Type A, uneoated, and Type B, coated 
with KtCraOr. Both types are in the form of solid sticks or lumps (4 to 1 in. 
in diameter. Toe types differ in their rate of reaction with water. When 
immersed in sea water, Type A shall immediately produce a vigorous reac- 
tion with a strong bright flame while Type B is required to give a maximum 
evolution of smoke and flames at approximately 15 min. after contact with 
the water. The two types also evolve different amounts of gas for equal 
masses. 


Molecular Weight : 

Crystalline Form : 

Color: 

Density, g./ml.: 

Coefficient of Thermal Expansion : 

Heat of Formation, Kcal./mole at 298° K: 
Free Energy of Formation : 

Entropy: 

Melting Point: 

Heat of Fusion: 

Boiling Point: 

Transition Point: 


182.20 

cubic 

reddish-brown 
(solid) 2.51 at 15°C 

(c) -120.5 


about 1878°K(1600°C) 


Heat of Sublimation: 

Heat Content or Enthalpy: 

Heat Capacity: ” 

Decomposition Temperature: Can be heated to 1250°C without decomposing 
but reacts with moist air. Reacts in air abe ’t 300°C and becomes incan- 
descent. 

Decomposition Products : 

Vapor Pressure: 

X-Ray Crystallographic Data : 

Hygroscopicity : Decomposed on contact with water evolving spontaneously 
flammable phosphine. 

Solubility Data : In water : see Hygroscopicity above 

In acids : soluble 

In alcohol, ether, benzene : insoluble 

Health Hazard: Dangerous, due to - activity with water which evolves severely 
toxic phosphine. 

Safety Classifications: 

OSM : not listed 

ICC : Flammable solid ; yellow label. Listed under "Explosives and Other 

Dangerous Materials.” 


Addnl. Ref. 2 
Addnl. Ref. 2 
31A 

1,9 


1,29 


Addnl. Ret. 1, 
54V8 


29, Spec. 

1 

12, 93 
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Calcium Phosphide, C* S P 3 (page 2> 

Fire and Explosion Hazard: Liable to spontaneous combustion. Dangerous when 
heated as it emits highly toxic fumes of oxides of phosphorus. May explode 
when heated by a dame. See Hygroscopicity. 

Caution: Keep dry and tightly closed (for this reason it is packaged in 
soldered tins) . Under these conditions no gas should be evolved. 

Electrostatic Sensitivity: 

Use in Pyrotechnics : As a fuel and to impart a yellow-red color to burning com- 
positions or to produce smoke and dame. % 

Additional References: 

1) “Phosphorus and Its Compoundr,,” by V. Wazer, Interscience Publishers, 
Inc., New York (1968) 

2) M. V. Stackelberg and R. Paulus Zeit. Physik. Chem. 22B, S05 (1933) 


15, 12, 

Addnl. Ref. 1 
29, Spec, 


CALCIUM RESFNATE 
(Limed Rosin) 


Refs. 


Formula . approx. Ca { C 1( H M COO ) , 

Cakrfum resiaate is a mixture of the calcium salts of resin acids. These 
include the abietic and pi marie acid types. For a discussion cf rosin, resin, 
and the resin adds see Ref. 5QV2. 

Specification No.: MIL-C-20470 

The specification coders two types which differ in purity and granulation. 
Type 1 is fused and Type 2, precipitated. 

Molecular Weight: 1349.50 

Crystalline Form: Amorphous powder or lumps. Appears tc crystallize imper- 
fectly, hut definitely with a head-to-head arrangement of the abietate 
radicals. 

Color : yellow or white 

Density: 

Cceffldent of Thermal Expansion : 

Hwt of Formation : 

Free Energy: 

Entropy: 

Melting Point: 

Heat of Fusion : 

Boiling Point: 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity: 

Deco mpo sition Temperature: 

Decomposition Products: 

Vapor Pressure: 

X-Ray Crystallographic Data: 


Hygroseopidty : Specification grade. Gain in mg./g at room temperature after 
equilibrium wae established in static and vacuum desiccators. 


Time 

65% R.H. 

75% R.H. 

86% R.H. 

93% R.H. 


Stat. Vac. 

Stat. Vac. 

Stat. Vac. 

Stat. Vac. 

24 hra. 

1 week 

80 days 

14.0 as 

12.8 12.1 

11.5 14.1 

13.0 12.5 

14.1 

25.4 19.0 

23.2 25.6 

27.7 

27.1 23.4 

28.9 27.5 

30.9 

i 


Solubility Data : soluble in petroleum 

solvents 


50V2 


12 

1 

Addnl. Ref. 1 


32 (Table 14) 


50 
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Calcium Resinate (page 2) 


Health Hazard : unknown 

Safety Classification: 

OSM : not listed 

ICC : Flammable solid : yellow label. Listed under “Explosives end Other 

Dangerous Materials.” 

Fire and Explosion Hazard: Slight; when heated it can react with oxidizing 
materials. 

Electrostatic Sensitivity : 

Use In Pyrotechnics : Calcium resinate is used as a retardant fuel, and binding 
agent. Imparts a yellow-red color to burning compositions. Use also as a 
waterproofing agent. 

Additional References: 

1) “A Comparative Study of the X-Ray Diffraction Patterns and Thermal 
Transitions of Metal Soaps,” M. J. Void and R. D. Void, J. Am. Oil 
Chemists’ Soc. 26, 520 (1949) 
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CALCIUM SILICIDE, C^Si 


Refs. 


Specification No.: 


JAN-C-324 


The specification covers two grades which differ in purity and granulation. 
Grade I is used in smoke mixtures, and Grade II in both smoke mixtures 
and tracer compositions. 

Molecular Weight: 96.26 * 

Crystalline Form: glassysolid 

Color: 


Density, g./ml.: (solid) 2.5 

Coefficient of Thermal Expansion: 

P-sat of Formation, KcaJ./mole i± 298°K: (c)~36 

Free Energy of Formation- 

Entropy: ' 

Melting Point: 1498°K I1220°C) 

1020°C 


Heat of Fusion : 

Boiling Point : 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy: \ 

Heat Capacity: 

Decomposition Vei&perature : 

Decomposition Products: 

Vapor Pressure: 

X-Ray Crystallographic Data: 


1 

1 

1,9 

9 

44, Addnl. 
Ref. 2 


System Space Group a Axial Angle Molecules /Unit Cell 

hexagonal DJ,, 10.4 21°30' > , 2 1 


Note : The structure is characterized by layers of rings with six Si atoms 

Hygroecopicity: See Solubility (in water) 

Solubility Data : In cold water : insoluble 

In hot water decomposes according to the equation : 

CaSi, + 6H,0 = Ca(OH)j + 2SiO, + 5H,0 
Jn acids and bases : decomposes 

Health Hazard : Has caustic action irritating to the skin and respiratory system. 
t May cause dermatitis and irritation to the eyes and mucous membranes. 
(Treatment— wash with large volumes of water) 

Relieved to be nontoxic. 


Addnl. Refs. 
2,3 


1 

Addnl. Ref. 2 


12 

93 




i 


i 


84 


Calcium Silicide, GaSi z (page 2) 




Safety Classification: 

OSM : not listed 

ICC : flammable solid 

Fire and Explosion Hazard: Dangerous by chemical reaction with oxidizers. 
When heated can burn or explode and emit toxic fumes. In contact with 
water may emit flammable silicon hydrides. 

Electrostatic Sensitivity: 

Use in Pyrotechnics ; CaSij is used as a fuel and to impart a yellow-red color to 
burning compositions. Used in igniter compositions for tracer projectiles. 


12, Addnl. 
Ref. 1 


17, Addnl. 
Ref. 4 


Additional References: 

1) L. Wohler and L. Schiephake, Zeit. anorg. Chem. 151 , 1 (1926) 

2) "Silicon and Its Binary Systems,” A. S. Birezhnoi (Translated from 
the Russian), Consultants Bureau, New York (I960) 

3) H. Bohm and O. Haasel, Zeit. anorg. Chem. 160 , 152 (1927) 

4) C.A.4S, 14326 (1965) 
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CALCIUM STEARATE 


Formula: 

Specification No. : 
Molecular Weight: 
Crystalline Farm: 

See AddnL Refs. 2, 3 


Ca(C,.H u O,), 

JAN-C-263 

607,00 

crystalline powder 


Color: 


opaque, translucent after 
heating and cooling 


Density: 

Coefficient of Thermal Expansion : 

Heat of Formation, Kcal./mole at 18°C : 


H„=- 662.6 
H,=- 641.1 


Free Energy of Formation: 

Entropy: 

Melting Point: 462-453°K <179~180°C) 

Heat of Fusion: 

Boiling Point: decomposes 

Iransition Point: Phase changes at 65, 86, 123, 150, 195 and 350°C. Below 
150°C the stable phases are crystalline. 


Transition Temperatures and Heats of Transition 


°c 

cal./ mole 

89 


107 

9080 

152 


190 


58 


89 


106 

7430 

146 


187 



Note : Values vary with the source of the samples, which are not pure. 
The 150-195°C phase is a liquid crystal. Quenching from a temperature 
of 123-150°C produces an unstable crystal, but an unstable vitreous form 
results on quenching from above 150°C. Technical Ca stearate resembles the 
pure material but assumes the vitreous form more readily and crystallizes with 
difficulty. 

Heat of Sublimation : 

Heat Content or Enthalpy : 

Heat Capacity : 

Decomposition Temperature, °C : above S50 


For DTA see Addnl. Ref. 4 


Refs. 


AddnL Ref. 4 


Addnl. Ref. 1 


1 

1 

Addnl. Refs. 
2,3 


Addnl. Ref. 2 


Addnl. Refs. 
2, 3,4 
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Calcium Stearate (page 2) 


Decomposition Products : 

Vapor Pressure : 

X-Ray Crystallographic Data: 

For X-Ray Diffraction Data see Ac’dnl. Ref. 5 
Hygroscopicifcy : 

Solubility Data: In water: 0.G04g./100 ml. at 15°C 

(not readily wetted) 

In alcohol and ether: insoluble 

In methyl acohoi and toluol, g./lOO g, : 


Temp. °C 

methyl alcohol 

toluol 

25 

0.05 

0.03 

50 

0.09 

0.47 

76 


0.22 

100 


gelled* 


*Ca stearate precipitated on cooling 
Health Hazard : none mentioned 

Safety Classifications: 

OSM : not listed 

ICC : net listed 

Fire and Explosion Hazard: 

Electrostatic Sensitivity: 

Use in Pyrotechnics : As a fuel and to impart a yellow-red color to burning com- 
positions. Also waterproofing, lubricating, and bonding agent. 


1 


Addnl. Ref. 6 


Additional References: 

1) L. M6dard, M&n. artillerie fran? 28, 467 (1954) 

2) “Polymorphic Transformations of Ca Stearate and Ca Stearate Mono- 
hydrate," R. Void et al., J. Colloid. Sci. 3, 339 (1948) 

3) “Crystal Forma of Anhydrous Ca Stearate Derivable from Calcium 
Stearate Monohydrate,” M. Void et al., J. Colloid Sci. 4, 93 (1949) 

4) “Differential Thermal Analysis of Metal Soaps," G. Hattiangdi et al., 
Ind. Eng. Chem. Ul, 2320 (1949) 

5) “Characterization of Heavy Metal Soaps by X-Ray Diffraction,” R. 
Void and G. Hattiangdi, Ind. Eng. Chem. 41, 2311 (1949) 

6) “Aero Metallic Stearates," Am. Cyanamid Co., Bound Brook, N. J. 
(1960) 
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CARBON BLACK (DRY) and LAMPBLACK, C 
(Cape Cod Black, Gloss Soot, Light Soot, Flame Soot, 
Flame Blade, Furnace Block, Channel Black, and a wide 
variety of proprietary names and numbers) 


Refa. 


Specification No.: Carbon black (dry) : MIL-C-11403 

Lampblack: TT-L-706 

Carbon black is an amorphous, quasi-graphitic carbon obtained by burning 
gas, oils, tars, or other carbonaceous materia' in an insufficient amount of air to 
form a deposit of soot. By varying the process and the starting material, prop- 
erties of the products can be varied considerably. Carbon black is usually one 
of the fo'lowing types : 

a) Animal charcoal, made by charring bores, meat, or bloou. 

b) Gas black, furnace black, or channel black, made by the incomplete 
combustion of natural gas. 

c) Lampblack obtained by burning various fats, oils, and resins, under 
controlled conditions. 

d) Wood and vegetable charcoals. 

Carbon blacks are very finely divided. Most individual particles are in the 
range of 13 to 274 mp. As colloids, the particles are negatively charged and 
show the Brownian movement. Lampblack is amorphous but most carbon blacks 
are a mixture of the amorphous and crystalline forms. Carbon blacks have an 
enormous surface per unit mass and are very absorbent. The structure and pH 
can also be varied over a wide range. Carbon blacks thus find a wide variety of 
uses. 


The individual fine particles are composed of several thousand crystallites. 
These are in parallel layers of carbon atoms arranged in hexagonal rings as in 
graphite, but in carbon black the symmetry is much less precise so that the 
carbon atoms in adjacent layers are rotated about an axis at right angles to 
their plane. The structure is similar to that of true graphite as the carbon rings 
are arranged roughly parallel and equidistant but otherwise completely rai.dom, 
and the dimensions within a layer are the same as in graphite. The layer is 
somewhat larger than in graphite. The effect of heat treatment is to increase 
the size of the parallel layer groups. On graphitization the material changes 
diacontinually to the crystalline graphite structure. The usual carbon black is 
not finely divided graphite. Small angle scattering indicates the existence of 
clusters of a few hundred angstrom units in size. These clusters are measured 
by microscope units, by the electron microscope and by surface areas, rather 
than the much smaller parallel layer groups. 


Molecular Weight: 
Crystalline Form; 
Color : 

Density, g./ml.: 


12.011 

fluffy, amorphous powder 
black 

(solid) 1. 8-2.1 


16, 22, 29, 
E0V3 


Addnl. Refs. 
4, 5, 6, 10,11 


1 

1 

1 
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Carbon ftlfk, € ( page 2) 


t 


tj 


I 

i 

i 

t 

t 


i 

■i 


< 


Coefficient of Thermal Expansion, lineat : 0.65 '< 10 a 

see also Ref. 03 
Heat of Formation: 

Free Energy of Formation : 

Entropy: 

Melting Point: 

Heat of Fusion : 

P.o>ling Point : 

Heat of Vaporization, cal./g. : 

Transition Point: 

Heat of Sublimation, K cal. /mole: 

Heat Content or Enthalpy : 

Heat Capacity: 

Decomposition Temperature : 

Decomposition Products : 

Vapor Pressure: 


Press, mm. 


04 

20 

120 

240 

760 

Temp. °C 


2375 

2935 

3250 

3490 

3700 

Press, mm. 

243 

327 

380 

509 

608 

760 

Temp. °C 

4015 

4052 

4801 

4117 

4137 

4190 


X-Ray Crystallographic Data : 

See Addnl. Refs. 3, 4, 10, 11 
Hygroseopicity : 

Solubility Data ; In water, acids, and alkalies : insoluble 

Health Hazard : Considered nontoxic. Prolonged internal use may cause vitamin 
and mineral deficiency and interfere with digestion. 

Safety Classifications: 

OSM : Atmospheres containing caroon black are included under hazard- 
ous locations, class II. 

ICC : not listed 

Fire and Explosion Hazard : Slight when expos to heat or dame. Lampblack 
made by incomplete combustion of petroleum may heat spontaneously when 
freshly bagged. It has great affinity for liquids and heats spontaneously or. 
contact with drying oils. It should be thoroughly cooled before bagging and 
stored in a cool, dry place away from oxidizing materials. Lampblack dust 
can be exploded. See data following: 


3925~3970°K, sublimes 
(3652-36f.'7°C) 

4473°K (4200 >C) 
11,900 


135.7 
133 ±. 12 


Addnl. Ref. 1 


1 


1 

Addnl. Ref. 1 

Addnl. Ref. 7 
Addnl. Ref. 3 


Addnl. Ref. 8 
Addnl. Ref. 9 


1 

12, 25, 29 


12, 50V6 


89 


1 

1 

\ 



* 


nv 


i 
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Carbon Black, C (page 3) 


ExplosihiSity of Lampblack : 


Concentration 

Max. 

Avg. Rate of 

Max. Rate of 


Press 

Press. Rise 

Press. Rise 

(mg./L) 

(Ibs./sq. in.) 

(ibs./sq. in./gec.) 

(lbs./sq. in./sec.) 

100 

10 

13 

119 


Ignition Temperature, °C : 

Carbon black (produced in reducing atmosphere) 535 
Thermal carbon blacks : 449-485 

Lampblack (oxidizing atmosphere) : 352-362 

Carbon blacks (natural gas) : 313-324 

Ewt of Combustion (at constant volume) , cal./g. : 

Carbon amorphous! 8130 

Carbon black (dried at 100°C) : 7810 

(degassed at 1000°C) : 8270 

Specific Heat at 25°C, g./cal./g. 0.2 

Use in Pyrotechnics : Lampblack is used by the Chemical Corps as a pigment ir 
protective coatings. 

Additional References: 

1) "Industrial Carbon,” C. L. Mantel], D. Van Nostrand Co., Inc., Prince- 
ton, N. J. (1946) 

2) L. MMard, M4m. artillerie fran?, 28, 486 (1954) 

3) "Ionization and Dissociation by Electron Impact, Methylene, Methyl 
and Methane,” A. Langer et al., J. Chem. Phys. 22, 1836 (1954) 

4) Chem. Eng. News .23, 2078 (1945) 

6) "Carbon Black,” L. Cohan and H. Cohan, Vol. 5, pt II, “The Science of 
Petroleum,” B. T. Brooks and A. E. Dunstan, Eds., Oxford University 
Press, New York ( 1953) 

6) J. D. Bernal, Proc. Royal Soc. 106 A, 749 (1924) 

7) E. 1 iindholm, C.A. 51, 6345 (1957) 

8) A. Thiel and F. Ruter, Zeit. anorg. Chem. 132, 125, 153 (1923) 

9) H. Kohn, Zeit. Physik 3, 143 v 1920) 

10) “An X-Ray Study of Carbon Black,” J. Biscoe and B. E. Warren, J. 
AppJ Phys. 13, 364 (1942) 

11) “X-Ray Study of Carbon Black,” B. E. Warren, J. Chem. Phys. 2, 551 
(1934) 


Addnl. Ref. 1 


Addnl. Ref. 2 


Addnl. Ref. 1 



CARBON TETRACHLORIDE, Cd 4 

(Tetrachioromethane, Beiurinofaras) 


Refs. 


1 ■ 


Specification No. : O-C-141 

Marking : The Air Force requires that each package bear a label 
as follows : “Caution : Volatile poisonous solvent. Use with ade- 
quate ventilation. Avoid prolonged breathing of vapor. Avoid 
contact, with skin.” 

Molecular Weight: 153.84 

Normal Color and Form: colorless liquid 

Density, g./ml.: (liquid) 1.596 at 20/4 

1.83195 at 0/4°C 

Coefficient of Thermal Expansion, cubical, 

0-76°C : 1.236X10-* 

V, = Vo + 1.8384tr» +0.89881(r° + 1 36136 X 10* 

Heat of Formation, Kcal./mole at 298°K: (gas) -26.5 


Free Energy of Formation, Kcal./mole at 298°K : 

Entropy, cal. /deg./mole at 298°K : 

See table below 
Melting Point: 

Heat of Fusion, Kcal./mole: 

Boiling Point: 

Heat of Vaporization, Kcal./mole: 

Transition Point: 

Heat of Transition, Kcal./mole : 

H at of Sublimation: 


(gas) -25.5 
(liquid) -33.3 

(gas) -15.3 
(liquid) -16.4 

(gas) 73.95 
(li.uid) 51.25 

250.3°K(-22.8°C) 

0.60 

349.9°K (76B°C) 
7.17 

22S.5°K (~47.6°C) 
1.09 


HEAT CONTENT AND ENTROPY OF CCU(g) 
(Base, ideal gas at 298.15°K) 


T, °K 


H t — H 2 M.u 1 
cal./mole 


St - Si**, is 
cal. /deg. 
mole 


T, °K 

H t - H»? 15 
cal./mole 

Sr -S sm.im 

CsJ * nfv. * 

w i 

mole 

1000 .... 

16,670 

2T99 

1100 .... 

19,080 

30.38 

1200 .... 

21,610 

32.68 

1300 .... 

24,140 

34.61 

1400 .... 

26,680 

36.49 

1600 .... 

29,220 

38J?4 







Carton Tetrachloride, CO* ( pv.ge 2) 

CCl«(g): 

Enthalpy : H T - Hs*,. 18 = 24.1TT + 0.60 X 10-*T* f 4.1 D x lO 5 ^ 1 - 8635 
(0.3 percent ; 298° - lTO^K) 

Heat Capacity : C, = 24.17 + 1.20 X 10~*T - 4.10 X lO'C' 1 

H<nt Capacity, cal./desr./moIe: (liquid) 31.47 

(gas) 19 96 

Decomposition Temperature: Noticeable at 150° C particularly in the presence 
of Cl acceptors, e.g., metals and m -jfci oxides. 

Decomposition Products : Phosgene may be formed, especially in the preseuce 
of metals. 


Vapor Pressure : 


Press, mm. 

1 

10 

40 

103 

400 

750 

M.P. 

Temp. °C 

-60.0 

-19.6 

4- 4.2 

23.0 

57.8 

76.7 

-29.6 


X-Ray Crystallographic Data: 

Interatomic Distances and Molecular Configuration : 

C-Cl, 1.76A ± 0.01 : Cl-Cl, 2.86 ± .01 
Tetrahedral model confirmed spectroscopically 
Hygroscopicity: 

Solubility Data: Solubility of water in CCL, is 0.008% by weight at 20°C. Solu- 
bility in water, 0.8 g./lOQ ns 5 , at 20°C. CC1< is miscible in all proportions 
with alcohol, ether, chloroform, benzene, i*a!ogenated hydrocarbons, and 
moot solvents. 

Health Hazard : CC1« is a systemic poison with a narcotic action resembling that 
of chloroform. It may cause death through respiratory .‘ ilure, and can 
cause serious effects to kidneys, liver, lungs, and the nervous system. It can 
be fatal when taken internally. Dermatitis may result i.om repeated skin 
contact, and its vapors are toxic. 

MAC.: 25 parts per million in air for an 8-hr. work ay. 

Caution: Do not use CCL, to fight fire in unventilated spaces such as small 
rooms or closets. Store in airtight drums. 

Note: CCU poisoning is detectable in the blood and urine. 

Safety Classifications: 

OSM: not listed 

ICC: not listed 

Fire and Explosion Hazard : CC1, is not combustible, but its vapor is toxic. It is 
dangerous when heated to decomposition due to formation of highly toxic 
phosgene. 

Electrostatic Sensitivity: 

Azeotrope : CCL, forms an azetrope with water which boils at 66°C at 1 atm, 
and contains 4.1 % water. 


4 

4,9 

Addnl. Refs. 
2,3,4 

1 

85 

55 

53V1 

12, 14, 29 


12, U 29 

53V2 


Carbon Tetrachloride, CCI 4 (page 3) 

Use in Pyrotechnics : CC 4 is used as 2 noncombustible solvent and fire retardant 
in certain compositions . 

Additional References: 

1) Ref. 52 

2) "Poisonous Gases from Carbon Tetrachloride Fire Extinguishers,” A. 
C. Fieldner et al., J. Franklin Inst. 190, 543 (1920) 

3) “Determination of Phosgene,” A. C. Fieldner et al., lad. Eng. Chem. 
Anal. Ed. 8 , 20 (1936) 

4) "Mass Spectrographic Study of the Species CS, SO, and CC1 S Produced 
in Primary Heterogeneous Reactions,” L. P. Blanchard and P. LeGoff, 
Can. J. Chem. 35 , 89 (1957) 
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CASTOR OIL 

(Riciniis Oil, Oil of Palma Christ!, Tangau>Tangan OH, 
Ricinus Comranuk) 

Formula: Castor oil is a natural product of somewhat variable composition. 

•specification No. : MIL-C-15179A 

(dehydrated) 

Castor oil is a light yellow to brownish oil obtained from the seed beans of 
the castor plant. When pure and fresh, it is nearly colorless and transparent. 
The hot pressed oil is brownish. Castor oil does not readily turn rancid, and is 
classed as a non-drying oil. 

Dehydrated castor oil must be made by the dehydration of castor oil and 
polymerization of the resulting product, without admixture of other oils. 


Molecular Weight: 

Normal Color and Form: 

Density, g./mi. : : 

Coefficient of Thermal Expansion : 

Melting Point: 

Boiling Point: 

Decomposition Temperature: 

Decomposition Products : 

Vapor Pressure: 

Hygroscopieity : 

Solubility Data: Miscible with absolute ethyl alcohol, methanol, ether, chloro- 
form, glacial acetic acid. 


castor oil is a variable 
natural product 

pale yellow oil 
(liquid) 0.960-967 

turbid at 261°K (-12°C), 
solid at 255-256°K 
(-17 to-18°C) 

586°K(313°C) 


Refa. 


1,29 


29 

1 


12 


Health Hazard . 

Safety Classifications : 

OSM: 

ICC: 

Fire and Explosion Hazard : 
Flash Point, °F: 

Autoignition Temperature, 
To fight fire: 


>F: 


slight, used medicinally 

not listed 
not listed 
combustible 

446 (closed cup) ; 

545 (open cup) 

905 

use foan, dry chemical, 
CCU or water 


Electrostatic Sensitivity: 

U«* in Pyrotechnics : Castor oil is used as a fuel, as a waterproofing and bind- 
ing agent, and to reduce sensitivity to friction. 

See Addnl. Reft. 


29 


75 


76 


75 


17 


Castor Oil (page 2) 




Castor oil composition, % : 

diglycerides of ricineleic acid : 
oleic acid: 


80-86 

7-9 


linoleic acid: 

3-3.5 


stearic acid: 

0.3 


dihydrostearic acid: 

0.6-1.8 

| 

tocophorol : 

about 0.05 

| 

itor oil is dextro rotary and has the following characteristics: i 

j 

Refractive index : 

n£ = 1.478-1.477 
nff = 1.466-1.473 

i 

Viscosity at 26°C, poises : 

6-8 

j 

Surface tension at 20°C, dynes/cm. : 

39.0 

j 

80°C, dynes/cm. : 

35.2 

1 

Acid value: 

0.12-0.8 

1 | 

Saponification value: 

175-183 

1 

Iodine value (Wijs) : 

84 


Reichert Meissl number: 

1.4 


Maumen6 number: 

46-47 


Acetyl value: 

146-150.5 


Unsaponifiable matter: 

0.6 


Specific heat, cal./g., at 40°C : 

0.52 

50V6 

at 200° C : 

0.69 



16 

29 


Additional References: 

1) “Explosives, Matches, and Fireworks,” J. Reilly, The University Press, 

Cambridge, England (1938) 

2) "Fata and Oils,” H. G. Kirschenbauer, Reinhold Publishing Corp., New 
York (1944) 


CHROMIC ACID. CrO s 

(Ghromk Trioxide, Chromic Anhydride, 

Quondam (VI) Oxide, Red Oxide of Chromiam) 

Percent Oxygen: 48.00 

Specification No.: (for technical grade) 

. O-C-3088 

Molecular Weight: 100.01 

Crystalline Form : rhombic 

Coder: red (color darkens with rise in temperature and is restored on cooling) 

Density, g./ml.: (solid) 2.70 

Coefficient of Theran.. Expansion: 

Kent of Formation, Kcal./mole at 298°K: -142.1 ± 1 

-188.5 ± 2.5 

Addnl. Ref. 8 gives literature values from -140 to -147 
Free Energy of Formstion at 298°K : -120.2 

HEAT AND FREE ENERGY OF FORMATION, CrO.(c) 


T, °K AH (cal ./mole) 

A F° (cal./mole) 

fctt.16 ... . -146,660 (dt 3000) 

-121,000 (*8600) 

400 -189,000 

-114,600 

471 -189.000 

-110,000 

471 -186,000 

-110,000 

800 ..... . -184,500 

-108,600 

600 -188,000 

-108,600 

Entropy, cai./deg./mole at 298°K: 

Free Energy Equations : 

(solid) 17.6 

17.2 * 2.5 

Reaction 

Range of Validity, C K 

1) Cr(c) + HO,(g)=CrO«(c) 

298.16 to 471 

A F§ =-141,690 - 13.82T iogT + 108.90T 


2) Cr (e) + % O, (g) = CrO, (1) 

AF§ — - 141,680 - 82.24T log T + 153.14T 

471 to 600 

Melting Point, °C: 

196 

(with decomposition) 197 

Heat of Fusion, Kcal./mole 

8.77 

Boiling Point, °K: 

decomposes 

Heat of Vaporisation: 

Transition Point: 

— 

Heat of Sublimation: 

— 

Heat Content or Enthalpy : 

— 


Heat Capacity: 


Refs, 

Addnl. Ref. 8 


1A 

1A, 54V2 
1A 

Addnl. Ref. 7 
24A 

6 

2 


6 

24A 


2 


1A. 81 

Addnl. Ref. 8 

2 

1A 


96 


Chromic Add, CrO, (pife 2) 


Decomposition Temperature: above 2S0°C 

For TGA see AddnI. Ref. 9 
For DTA and TGA see Refs. 33 and 54V2 

Decomposition Products Cr»0 «, Cr*0», CrO*, 

Ci'jO* + o* 

Vapor Pressure: 

X-Ray Crystallographic Data: 

Molecules/ 

System Space Group a b e Unit Cell 

orthorhombic D»{ 5.70 =t 0.05 8.46 ± 0.03 4.77 ± 0.08 4 

Hygroscopicity : deliquesces above 36% 

R.H. 

Solubility Data: 

In water : 166 g./lOO ml. at 16°C and 

206.7 at 100°C 

In ether, alcohoi, H,SO« : soluble 

Health Hazard : Extremely toxic. Local irritant and systemic poison. L.D. (sub- 
cutaneously in dogs) 330 mg./kg. Concentrated solutions may cause derma- 
titic and local ulceration. Inhalation causes irritation to nasal mucosa and 
respiratory tract. Ingestion may cause nausea, vomiting, diarrhea, renal 
damage, and death. 

Caution — not for internal use. 

Safety Classifications: 

OSM: not specifically nu ifckned 

ICC : oxidizing material, yellow 

label. 

M.C.A. : warning label required 

Fire and Explosion Hazard : Dangerous ; msv oxidize organic compounds with 
explosive violence. Contact with combustible material may cause Are and 
evolution of highly toxic fumes. 

Foamite is ineffective Against a chromic add fire as the acid supplies its 
own oxygen. Carbon tetrachloride should not be used on a chromic acid 
fire. Water is the only effective agent. 

Use in Pyr. technics: as an oxidizer 


29 


64V2 

Addnl. Refs. 
4,6 


Addnl. Ref. 6 
96 

Addnl. Ref. 8 


1A 

29,12 


12,29 

Addnl. Ref. 8 


Additional References: 

1) “Preparation of Ferromagnetic Chromium Dioxide,” B. Kubota, J. 
Phys. Soc. Japan 15 , 1706 (I960) 

(See no.e below) 

2) “Decomposition of Higher Oxides of Chromium unde* V .trioua Pres- 
sures of Oxygon,” B. Kubota, J. Am. Cerm. Soc. H, 289 (1961) 
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Chronic Acid, CrO, (page S) 

Note : Both references aoove discuss the thermal decomposition of CrO, 
under high oxygen pressure resulting from the oxygen liberated from 
CrO* itself. 

5) "Chromic Acid in the Metal Finishing Industry," Diamond Alkali Co., 
Cleveland, Ohio (1963) 

4) "The Products of Thermal Decomposition of Chromium Trioxide,” R. S. 
Schwarts et al., J. Am. Chem. Soc. 74, 1876 (1952) 

6) "The Crytal Structure of Chromium Trioxide,” A. Bystrom and K. A. 
Wilhebni, Acts. Chem. Scand. 4, 1131 (I960). C.A. 45, 3679 (1961) 

6) C.A. 45, 21319 (1969) 

7) "The Heat of Formation of Ammonium Dichromate, ” C. A. Neugebauer 
and J. L Margrave, J. Phya. Chem. 61 , 1429 (1967) 

8) “Chromium,” M. Judy, Reinhold Publishing Corp., New York (1966) 

9) C.A. it, 422 (1948) 
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CHROMIC OXIDE, O n 0 8 

(Chromium (III) Oxide, Chromin'.:.** -tesquiuxide, Chrome Green, 
Green Cinnabar, Gr en Oxide of '3 romiam, Anadonis Green, 
Ultramarine Green, Chrome OcLer, GiS Green, L jk{ Green, 

Green Rouge) 

Percent Oxygen: 31.57 


Specification No.: 



not listed 

Molecular Weight : 



152.02 

Crystalline Form: 



hexagonal 

Color : 



green 

Commercial materials 

vary 

fiom a bro 1 

vnish green, to greyish green, to 

olive green to bright grars guen. 


Density g./ml. : 



(solid) 5.21 

Coefficient of Thermal Expansion : 


T, °C % Linear Expansion bet. 

100° C and Indicated Temp. 

10" X Mean Thermal Coeff. of 
Expansion bet. 100°C and 
Indicated Temp, 

200 ..... 

0.07 


6.8 

400 

0.14 


71 

600 

0.36 


7.1 

800 

0.51 


".3 

1000 

0.66 


7.3 

1200 

0.82 


7.4 

Heat of Formation, Kcal./mole at 298°K : 

-269.7 
-272.7 ± 4 
-272.65 
-268.5 

a. HEAT AND FREE ENERGY OF FORMATION OF Cr 2 0, («,0) 

T, °K 


a H (cal. /mole) A F° (cal ./mole) 

298.16 .... 


-272,650 ( 

±350) -253,150 (± 500) 

298.16 .... 


-272,550 

-253,150 

400 


-272,250 

-246,550 

500 


-271,850 

-240,200 

600 


-271,500 

-233,900 

700 . . . 


-271,200 

-227,650 

800 


-270,850 

-221,450 

900 


-270,650 

-215,250 

1000 


-270,450 

-209,150 

1100 


-270,300 

-203,000 

1200 


-270,150 

-196,900 

1300 


-270,100 

-190,800 

1400 


-270,100 

-184,700 


Refs, 

Addnl. Ref. 5 


1A 

1A 

54 V2 

1A 

Addnl. Ref. 5 


9, SI A 

Acdnl Ref. 4 
2 

Addnl. Ref. 3 
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Chromic Oxide, Cr 2 O s (page 2) 


j 

! 

i 


T, °K A H (cal. ./mole) aF° (cal./inole) 


1500 -270, *50 -178,600 

1600 ..... -270,200 -172,450 

1700 ..... -270,300 -166,400 

1800 -270,500 -160,250 

1823 -270,550 -158,850 

1823 -278,950 -158,850 

1900 -279,000 -153,800 

2000 -279,100 -147,200 


Free Energy of Formation, Kcal./mole at 298°K : -250.3 ± 0.5 

Entropy, cal./deg./mole at 298°K : 19.4 


Addn!. Ref. 4 
1A, 9, 31 A 


b. HEAT CONTENT AND ENTROPY Cr 2 0 s (e) 
(Base, o-crystals at 298.15°K) 


4 


T, °K 

Hr — Hju.is 
cal./mole 

St " Swa.is 
cal./deg. 
mole 

> 

T, °K 

Ht — H 2 e 8 .n 1 

cal./mole 

St — S 2 #8.i5 

cal./deg. 

mole 

298.16 (y8). . 

100 

0.34 

1200 

26,430 

40.11 

400 

2740 

7.94 

1300 

29,550 

42.60 

500 

5640 

14.19 

1400 

32,670 

44.91 

600 

8380 

19.36 

1500 

35,790 

47.07 

700 

11,280 

23.82 

1600 

38,920 

49.08 

800 

14,230 

27.76 

1700 

42,050 

50.98 

900 

17,210 

31.27 

1800 

45,180 

52.77 

1000 

20,240 

34.46 

1900 

48,320 

54.47 

1100 

23,320 

37.40 

2000 

51,460 

56.08 


Cr 2 0* (/}) : 


H t - = 28.53T + 1.10 x 10 *T 2 + 3.74 X lO^T 1 - 9758 

(0.2 percent ; 298° - 1800°K) 

C, = 28.53 + 2.20 X 10 *T - 3.74 X 10»T 2 


Free Energy Equations: 

Reaction Range of Validity, °K 

1) 2Cr (c) -f %0, (g) =Cr*0, (/S) 298.16 to 1823 

A FV ==- 274,670 -14.07T log T + 2.01 X 10 *T 2 f 0.69 X 10 a T 1 + 105.61T 

21 2Cr (1) -f- %0 2 (g) = Cr 2 0* (/?) 1823 to 2000 

A F| = - 278,030 + 2.33T log T - 0.35 X 10 ^ 2 + 1.57 X 10 T 1 4 58.29T 

Melting Point, °C: The range of values listed in the literature vary 
as much as 500°C. 

Lowest value 1900 

Highest value 2435 


2 


31 A 

Addnl. Ref. 5 
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Chromic Oxide, Cr 2 0 8 (page 3) 


Heat of Fusion, Kcal./mole: 

Boiling Point, °K: 

Transition Point, °K : C„ to Ci 

Heat of Transition, Kcal./mole : 

Heat of Sublimation: 

Heat Content or Enthalpy: 

See Table b 
Heat Capacity: 

See Table b 

Decomposition Temperature : 

See also Addnl. Ref. 1 
For DTA see 54V 11 
Decomposition Products: 

Dissociation Pressure : 

Oxygen Pressures over Cr,Q s 

Press. atm! 7.4 X 10' 2S eTTx~ 1<>~ 2 * T fsTxTo^ 

Temp7°C 895 968 1002 

| For Dissociation Pressure curve see Ref. 54V11 

i X-Ray-Crystallographic Data: 

System Space Group a c Mols rules /Unit Cell 

j Hexagonal D| d 4.954 12.548 at 2fi°C 6 

Hygroscopicity : 

Solubility Data: In water: insoluble 

In acids, alkalies, or alcohol: slightly solunle 

Health Hazard : Poisonous. Corrosive on skin and mucous membranes. 

Safety Classifications : 

j OSM : not listed 

, ICC : not listed 

Fire and Explosion Hazard: 

Electrostatic Sensitivity: 

Use in Pyrotechnics: Product of the burning of chromium and some chromium 

compounds. 

i 

Additional References: 

1) "Decomposition of Higher Oxides of Chromium under Various Pres- 
sures of Oxygen,” B. Kubota, J. Amer, Cerm. Soc, 44, 289 (196' > 

2) "The Volatilization of Chromium Oxide,” D. Caplan and M. Cohen, J. 

t Electro ’.dm. Soc. 70S, 438 (1961) 



25 

decomposes at 3300 ± 300 
306 
298 
0.1 


3300 ± 300 
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Chromk Ouldt, Cr 3 On (page 4) 

3) ‘‘Thermodynamics of the Oxidation of Chromium.” J. N. Ramsey et al., 
J. Eleetrochem. Soc. 103 . 135 (1956) 

4) ‘‘Heats of formation of chromium oxide and cadmium oxide from com- 
bustion calorimetry,” A. D. Mah, J. Am. Chem. Soc. 76 , 3363 (1954) 

E) “Chromium,” M. Judy, Reinhold Publishing Corp., New York (1956) 
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COBALT NAPHTHENATE 

Cobalt naphthenate is a solution of the cobalt salts of mixed naphthenic 
acids in mineral spirits. The product contains about 6% cobalt and is stand- 
ardized on this basis. Chemical and physical properties of cobalt naphthenate 
cannot be described in the usual manner because the naphthenic acid usually 
represents a mixture of various cyclopentane monocarboxyiic acids, containing 
on the average about 12 carbon atoms. The carboxyl group is usually separated 
from the cyclopentane group by at least one methylene group, but sometimes 
there may be more than one. The balance of the carbons is made up by alkyl 
substitution on the cyelopentane nucleus. The acids vary considerably depend- 
ing on the particular source of the petroleum crude from which they are derived. 
The cobalt is primarily in the cobaltous form. 

Chemically the naphthenic acids have been classified as carboxylic acids of 
the general formulas C„rf 2n . a COOH and C„H- nM COOH, with most of them in 
the first group. They are derivatives of the 2,3,4-trimethylcyclopentane alkane 
acids, e.g 

Structural Formula: 


Refs, 

Addnl, Ref. 1 


Addnl. Ref. 2 

Addnl. Refs. 
2,3 


H3C <— t H»C 1 — I H*C 1 1 

HjC L i CH 2 OOH, H*C I J CH,* CHj • CH-. • COOH, H.C i J (CH 2 ) 5 COOH 
CH 8 CH, CH S 


50 V 5 


Commercially available naphthenic acids are identified by origin and acid 
number. The lack of a more definite classification is due to the complexity of 
the mixed acids now known as naphthenic acids and to the absence of informa- 
tion correlating the properties of the acids from dilTerent soLrces. 

The general formula has been given as approximately Co(RCOG)~, where 
R is largely a mixture of trimethylcyclopentane alkane radicles. 

Specification No.: TT-D-643 

Specification Requirements: 

Meta! (cobeO), % : (min.) 5.7 (max.) 6.3 

Non-volatile, %: (max.) 70 

Sp. Gr. : (min.! 0.950 (max.) 1.050 

Flash Pt. (closed cup), °F: (min.) 100 

The volatile matter shall be mineral spirits. 


Color: red-blue to purpie 

Density, g./ml : 0.947 to 0.965 

Melting Point. 398°K ( 125°0 ; 

Solubility : soluble in benzene 

Health Hazard: in the stomach, cobalt naphthenate hydrolyzes ic CoCI L . Al- 
though this compound has been used medicinally in case 1 ? of iron deficiency 
l anemia) , in doses larger than JOO mg. CoCl s is toxic. 


5CV5 
50 V 5 
50 V 0 

50vr 

29V5 


Cobalt Naphth«nate (page 2) 


not listed 
not listeo 


Safety Classification: 

OSM: 

ICC: 

Fire and Explosion Hazard: 

Electrostatic Sensitivity : 

Nuodex Products Co. specifications for Ccbalt Naphther.ate (DMR Cobalt b‘/c ) : 
Metal content, % : 6.0 ± 0.1 

Color (Gardner), max. : violet blue 

Sp. Gr.: 0.935 -0.980 

lbs./gal. (at 80°F) : 7.75-3.15 

Solids, % max.: 67 

80 iF Viscosity (max.) , Gardner : A, 0.50 poises 

20°F Viscosity (max.), Gardner: K, 2.75 poises 

Flash Pt. (Pensky-Marten closed cup), °F: 104 

Use in F. .echnics: As a paint drier. As a catalyst with Laminae 4116 and 
Lupersol DDM (q.v.) . 


Additional References : 

1) Private communication from W. J. Stew.-. ;, Nuodex Products Co., Eliz 
abeth, N. J 

2) “Naphthenic Acids and Derivatives,’* E. R. Littmann and J. F.. Klotz, 
Chem. Revs. 30 , 97 ( 1942) 

3) “A Manual of Organic Chemistry,” G. M. Dyson, Longmans, Green and 
C ., New York (19^i 
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COPPER, Cu 


Refs. 


Specification No.: 


JAN-C-768 

Molecular Weight: 


63.54 

Crystalline Form: 


cubic 

Color : 


reddish metal 

Density, g./ml. : 


(solid) 8.93-8.95 

Coefficient of Thermal Exppnsion : 



Temp. Range, °C 

Coefficient 

linear 

-191 to 4- 16 

14.09 X 10 

(electrolytic) linear 

25 to 100 

16.8 X 10- 6 


25 to 300 

17.8 X 10-« 


0 to 600 

16.07 X 10 


Equation for Linear Expansion : l e — I„ ( 1 -j- .1596 1- 0.102t i ) 
where 1, and 1„ are the lengths at the temperature t°C and 0°C 

(gas) 81.1 
(gas) 71.628 
7.97 

1356°K (1083°C) 
3120 

2865°K (L582°C) 
72,800 


81,000 
(solid) 1201 
(gas) 2116 

See Tables a, b, and c 


Heat of Formation, Kcal./mole at 2C8°K : 

Free Energy of Formation, Kcal./mole at ?98°F : 
Entropy, cai./deg./mole at 298°K : 

See Tables a, b, and c 
Melting Point : 

Heat of Fusion, cal./mole: 

Boiling Point: 

Heat of Vaporization, cal./mole: 

Transition Point: 

Heat of Sublimation, cal./mole at 298°K : 

Heat Content or Enthalpy, cal./mole at ?98°K : 


1 

1 

1 

1 


1 

5 

5 

5 

5 

4,5 

5 

5 

r 

i/ 

5 

9 


a. HEAT CONTENT AND ENTROPY OF Cu(c, 1) 
(Base, crystals at 298.15°K; atomic wt. 63.54) 


4 


T, °K 

H t - Hags.is 
cal./mole 

St - S-iBg . 1 5 

cal./deg. 

mole 

T, °K 

Ht - Hj»88.ib 
cal./mo'e 

St - S"B8.1B 
cal./deg. 
mole 

400 

600 

1.73 

1100 . . . . 

5190 

8.28 

500 

1215 

3.10 

1200 . . . . 

5895 

8.90 

600 

1845 

4.25 

1300 . . . . 

6615 

9.47 

700 . . . . . 

1 180 

5.23 

1357(c) . . 

7040 

9.79 

800 .... 

3 1 30 

6.10 

1357^) • • 

19,160 

12.09 

900 

3800 

6.89 

1400 . . . . 

10.480 

12.32 

1000 

4490 

7.61 

1500 . . . . 

11,230 

12.84 
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Copper, Cu (page 2) 


T, °K 

H T - Hjm.IS 
cal. /mole 

St - S 39g.1t 

cal./deg. 

T, °K 

Ht — Hjgg.ia 

cal./mole 

St ~ 8211,15 

1600 . . . 

11,980 

13.33 

2200 . . . . 

16,480 

15.71 


12,730 

13.78 

2400 . . . . 

17,980 

16.37 


13,480 

14.21 

2600 .... 

19,480 

16.97 


14,230 

14.62 

2800 . . . . 

20,980 

17.52 


14,980 

15.00 





Cu(c) : 

Enthalpy: H T -H JM ., # =5.41T + 0.75 X 10 *T a - 1680 (0.3 percent; 298° -1367°K) 
Heat Capacity ; C p = 5.41 -f 1.50 X 10 *T 

Cu(l): 

Enthalpy : H r - H*, 8 . 18 = 7.50T - 20 (0.1 percent ; 298° -2800°K ) 

Heat Capacity : C„ = 7.50 


b. HEAT CONTENT AND ENTROPY OF Cu(g) 
(Base, ideal gas at 298.15°K; atomic wt., 63.54) 


T, C 'K 

Hr - H 398 . IB 

cal./mole 

St — S 298.16 
ca!./deg. 
mole 

T, °K 

H t — H 388. 1 5 

cal./mole 

St - Sks.ib 
cal./deg. 
mole 

400 ... . 

505 

1.46 

1900 .... 

7985 

9.22 

300 . . 

1005 

2.57 

2000 .... 

8495 

9.48 

600 ... . 

1500 

3.48 

2200 .... 

9530 

9.27 

700 .... 

1995 

4.24 

2400 .... 

10,590 

10.43 

800 ... . 

2495 

4.90 

2600 .... 

11,680 

10.87 

900 ... . 

2990 

5.49 

2800 .... 

12,815 

11.29 

1000 .... 

3490 

6.01 

3000 .... 

13,995 

11.70 

1100 .... 

3985 

6.49 

3500 .... 

17,155 

12.67 

1200 .... 

4480 

6.92 

4000 .... 

20,600 

13.59 

1300 .... 

4980 

7.32 

4500 .... 

24,290 

14.46 

1400 .... 

5475 

7.69 

5000 .... 

28,150 

15.27 

1500 .... 

5975 

8.03 

6000 .... 

36,160 

16.73 

1600 .... 

6475 

8.35 

7000 .... 

44,450 

18.01 

1700 .... 

6975 

8.66 

8000 .... 

53,175 

19.17 

1800 .... 

7480 

8.94 





Cu(g) : 

Enthalpy; H T - 4.97T- 1482 (0.1 percent ; 298° -2000°K) 

Heat Capacity : C p — 4 97 

Enthalpy : H T ~ H m .„ = 2.86T + 0.53 X 10 »T* + 655 (0.2 percent ; 2000° - 5000°K) 
Heat Capacity : C p — 2.86 + 1.06 X 10 ®T 
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Copper, Cu (page 3) 


c. HEAT CAPACITY OF COPPER 


Solid from 298 to 1356°iC 
Liquid from 1356 to 2855°K 
Gas from 2855 to 3000°K 


t, °K 

C° (cal./deg./mole) 

298 

5.85 

400 

6,01 

600 

6.31 

800 

6.61 

1000 

6.91 

1300 

7.36 

3400 to 2800 

7.50 

2900 

5.89 

3000 

6.01 


9 


Decomposition Temperature : 
Decomposition Products: 
Vapor Pressure: 


Press, mm. 

1 

10 

40 

100 

400 

760 

B.P. 

Temp. °C 

1628 

1879 

2067 

2207 

2465 

2595 

1083 


X-Ray Crystallographic Data: 

System Space Group a Atoms/Unit Cell 

cubic O h 6 3.608 4 


Hygroscopidty : (Reduced Cu) cumulative increase in weight after 
storage over water for 29 days: 1.9% 

storage over H 2 S0 4 for 29 days: 1.0% 

2 days in oven at 105°C: 0.9% 

In moist air gradually forms green basic copper carbonate, CuCO s Cu (OH) 2 
Solubility Data: In water: insoluble 

In HNO a , hot H 2 30 4 : soluble 

In HC1, NH 4 OH, acetic acid : very slightly soluble 

Health Hazard: Copper is not considered an industrial poison. It is moderately 
toxic when inhaled or '■ted. 

Safety Classification : 

OSM : class 2 

Fire and Explosion Hazard : The powdered metal is a dangerous fire hazard 
'hen exposed to flame or hot sparks. By chemical reaction with oxidizers 
it may explode. It burns with intense heat. Precautions should be taken to 
prevent water from contacting the material. Store and process only in 
building’s adequately vented to prevent accumulation of evolved hydrogen 


1 

1 

51, 29 


1,29 


25, 93 


34,12,49,51 
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Copper, Cm (page 4) 

which results from the reactions of powdered metal and moisture. In the 
repair or maintenance of buildings use only non-sparking toois after the 
metal powder or dust has been removed. In fighting fire 'tae no water; 
use powdered graphite, dolomite, or sodium chloride. 

Electrostatic Sensitivity : not ignited by 49 

electric spark 

Ignition Temperature: (Reduced Cu) 

Dust Cloud, °C: 700 49 

Qu iescent Powder: oxidized rapidly at 270°C 51 

with no ignition 

Use in Pyrotechnics: Coppex is used as a fuel. It produces a blue-green color 20. 50 
in burning compositions. 

Additional Reference: 

1) Ref. 64 



t 
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Specification No.: 


CUPROUS OXIDE, Cu a O 

(Cuprite) 


&IL-C-16169 


The spec, covers two types, Type I and Type II, which differ in purity. 
Molecular Weight: 148.08 


Crystalline Form: 
Color : 


Density, g./nd. : 

Coefficient of Thermal Expansion, cubic at 40°C : 

linear at 4G°C: 

Heat of Formation, Kcal./mole at 298°K: 

See Table a 


octagonal, cubic 

yellow, orange, red, or 
dark brown, according to 
the method of preparation 

(tclid) 6.0 
2.79 X 10-* 

9.3 X 10 7 
-39 84 


Free Energy of Formation, cal./mole at 298°K : -34.98 

See Table a 


Refg. 


1 

79 

1 

54 VS 
1,9 
1 , 9 


a. HEAT AND FREE ENERGY OF FORMATION OF Cu,0 (c, 1) 


T, °K 

H (cal, /mole) 

F° (cal./mole) 

298.16 .... 

-40,400 (rt 1550) 

-35,000 (± 1500) 

400 

-40,200 

-33,200 

500 

-40,100 

-31,500 

600 

-39,900 

-29,800 

700 

-39,700 

-28,200 

800 

-39,500 

-26,500 

800 

-39,300 

-24,900 

1000 

-39,000 

-23,300 

1100 

38,800 

-21,800 

1200 

-38,400 

-20,200 

1300 

38,000 

-18,700 

1357 

-37,7u0 

-17,900 

1357 

—43,900 

-17,900 

1400 

-43,700 

-17,100 

1500 

-43,100 

-15,200 

1502 

-43.100 

-15,200 

1502 

-29,700 

-15,200 

1600 

-29,200 

-14,200 

1700 

-28,000 

-13,300 

180: 

-28,300 

-12,400 

1900 ... 

-27.800 

-11,600 

2900 

-27,400 

-10,700 


Phase Changes of Metal 
M.P., 1367°R 
A H -- 3120 cal./g.-atom 


199 


CmprsKi (hide, Cu,0 (pege 2) 

Entropy, cal. /deg. /mole At 298°K: 

Malting Point: 

Heat of Fusion, Kc«i./raolp 
Boiling Poin t : 

Transition Point: 

Heat of Sublimation: 


24.1 

22.44 

1602°K (1229°C) 
13.4 


loses oxygen at 
2073°K (1800°C) 


3, 4,9 
2 

2.9 

2.7.9 

1 


b. HEAT CONTENT AND ENTROPY OF Cu,0(c) 


(Base, crystals at 298.15°K) 


T, °K 

H t - Hm. i» 
cal./mole 

Sr - Ss»8.ts 
cal./deg. 
mole 

T, °K 

Ht — 

cai./mole 

St - £>288. 1? 
cal./deg. 
mole 

400 .... 



4.96 

900 


19.98 

500 ... . 



8.87 



22.10 



5280 

12.26 

1100 ..... 

15,120 

24.10 

700 .... 


7150 

16.14 

1200 


26.02 

800 ... . 


9060 

17.68 





Cu,0(c) : 

Enthalpy : H, - H m .„ = 14.90T + 2.85 x 10^T* - 4696 
(0.2 percent ; 298° - 1200°K) 

Heat Capacity : C p = 14.90 + 5.70 x lO^T 

Heat Capacity, cal./deg./molc at 298°K : :_o'id) 1 6.7 


Decomposition Temperature: When heated in air starts to oxidize slowly at 
about 145°C, and rapidly towards 28P°C. 

Heated in air it does not dissociate but oxidizes. 

Decomposition Products : i 

Ref 54V3 states that at high temperature Cu,0 dissociates into copper 
and oxygen. 


Diosocinton Pressure: 


Press, mm. 

.0„66 

0,16 

.0 t 28 

.038 

.138 

.446 

8.312 

40.19 

Temp. °C 

500 

10C0 

1500 

1800 

1000 

2000 

2300 

2500 


45 

44V60B 


54 V3, 

Addnl. Ref. 1 


X-Ruy Crystallographic Data: 

Synteii Space Group a Mc'ecules/ Unit Cell 

cubic Oi 4.26 2 

Hygroseopicity : Cupi^us oxide is stable in dry air, but gradually oxidizes to 
cupric oxi de, CuO, in moist ai-. 


1 

29 


110 






^uproui Oxide, Cu,0 (page S) 


Solubility Data : In water and alcohol : insoluble 

Jn HCS, NH«Ci, NH«OH: soluble 

In HNO»: slightly soluble 

Health Hazard : alight 

Safety Classifications: 

OSM : not listed 

ICC : not listed 

Fire and Explosion Hazard : 

Electrostatic Sensitivity : 

Use in Pyrotechnics: Cuprous oxide is used as a fuel, and with chlorinated 
organic compounds as a color intensifier. 


Additional References: 

1) E. Heyn, Zeit. anorg. Chem. 39 , 1 (1904) 


‘‘DECHLORANE,” C 10 C! 1S 

(Dimer of Hexaehiorocyclopentadsene) 

Note. The name “Dechlorane” ia trademarked by the Hooker Chemical 
Carp. 

Form da: 



not listed 
545.6 
78.8 

granular solid 
white 

2.020 ± 0.005 g./cc. at 
24.3°C 

Coefficient of Thermal Expansion: 

Heat of Formation : 

Free Energy of Formation : 

Entropy : 

Melting Point, °C: (sealed tuie method) 485 

In a DTA run li^tiifaction started at about 160°C 
Hsat of Fusion: 

Boiling Point, °C : «tart» to sublime about 

240 

Transition Point : — 

Heat of Sublimation: --- — 

Heat Content or Enthalpy : 

Heat Capacity: 

Decomposition Temperature: 

White fumes noted bet. 300° -500° C. These fumes darkened as the temp, 
was raised. Some decomposition above C0O C C. 

For DTA see Ref. 33 

Decomposition Products: 


Specification No.: 
Molecular Weight: 
% Chlorine: 
Crystalline Form: 
Color: 

Density : 


Refs. 

Addnl. Ref. 3 


Addnl. Refs. 
1. 2,4 


Addnl. Ref. 1 
Addnl. Ref. 1 


Addnl 0 fs. 
1, 2. 33 


Addnl. Ref. 1 


33 
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Dechiorane, l. 10 C!.j (page 2) 
Vapor Pressure: 


I 


Press, mm, 3 X 10 f 6X10* 3 x 10 1 

Temp. °C 25 ~ ,50 197 

X-Ray Crystallographic Data: 

Hygroscopicifcy : 

Solubility Data: In benzene: soluble 

Solvent g./lOO g. solvent at R.T. 

toluene 13.3 

xylene 32.7 

perchloroethylene 10.3 

styrene 17.2 

mineral spirits (Stoddard solvent) 5.8 


Reactivity: Dechlorane is inert to strong oxidizing and reducing agents such 
as H 2 SQ«, HNO,, aq. NaQH, LiAl, H 4) 01S0*H, H a and 0 E under normal 
reaction conditions. Unaffected by Zn dust plus HC1, acetic acid or meth- 
anol, also by oxidizing agents such as KMnO«, CrO s and SO s . 

Health Hazard : Only slightly toxic. Essentially not irritating to the skin. Oral 
L.D. 50 (value determined on rats) approx. 5000 mg./kg. 

Safety Classifications: 

OSM ; not listed 

ICC : not listed 

Fire and Explosion Hazard: 

Electrostatic Sensitivity : 

Use in Pyrotechnics : as a color intensifier 

Additional References : 

1) Data obtained from literature prepared by the Hooker Chemical Corp., 
Niagara Falls, N. Y. 

2) “An Investigation of the Chlorocarbon, C 10 Cli 2 , M.P. 485° and the 
Ketone, C to Cli 0 0, M.P. 345°, ” E. T. McBee et a!., J. Am. Chem. Soc. 78, 
1511 (1956) 

3) “The Chemical Behavior of Hexac'nlorocyclopentadiene. II. Condensa- 
tion with Trichloroethylene,” J. S. Newcomer and E. T. McBee, J. Am. 
Chem. Soc. 77,952 (1949) 

4) “Th« Structure of the Compound CioChr,” D. H. Zijp and H. Gerding, 
Rec. trav. chim. 77 , 682 (1958) 


Addnl. Ref. 1 


Addnl. Ref. 3 
Addnl. Ref. 1 


Addnl. Ref. 1 
Addnl. Ref. 2 
Addnl. Ref. 1 


I, 16,23,24, 
lii>. 70 





( Stnrrli Cum, Amt tin* \ cpdiilili' CimiO 

SVx'rin nr dey.t rines •> re obtained by I iv, ‘ding st as vb in any one of a '.lum- 
ber of ways. Thor:,' include ciui rolled dilute acid hydrolysis of wet staivli, iho 
use of eortai'i enzyme. 1 ;, and dry heal. Tiro ie.sult.ani products, whose properties 
vary with I ho source of the si. arch and (he details of the treatment, arc re pro 
rented by the general chemical formula (C«H.„Or,)„* ILO. The n is, however, 
i neb smaller than in the original starch. The various tlexti inization treatments 
of starch lead to complex mixtures result ing from three main types of reaction : 

i ) Hydro];, tie cleavage, which yields »:r«ai«er arid mure water soluble com- 
pounds. 

2) Transglucosidatiou, in which a 1-1 ghicosidic bond between two O.ilboO., 
units is broken and . 1-6 bond formed with a different C,!l.„O r , unit, 
with the fonnatiea of a branch point. This reaction produces branched 
molecules and little change in molecular weight. 

3) Some repolymerization and condensation of smaller molecules. 

Because the polymolecularity of the original starches differ and various 

treatments result in a mixture of the three main reactions, the products differ 
in size, distribution of mc'ecuies, and in extent of branching, and thus have 
different properties. 

Dextrins are distinguished from starch by the violet and red colors that 
dextrins give with iodine solution 

Dextrins are usually characterized by giving the source or kind of starch 
used, the color of the dry products, their solubility in water, and the viscosity 
of their water dispersions. The following table gives the more common treat- 
ments of starch to produce dextrins, together with some properties of the result- 
ing starches. 

CLASSIFICATION OF DEXTRINS 



White 

Yellow or 
Canary 


Mannf. Conditions 

Dextrins 

Dextrins 

E ••itish Gums 

Usual catalyst 

HC1 

HC1 

none or an 
alkali 

Temperature, ‘ C 

79-121 

149-218 

135-218 

Time, hrs. 

3-8 

6-18 

10-20 

Product Characteristics 

Color 

white to 

buff to 

buff to 

Solubility (dispersi- 

light cream 

yeffow or brown 

dark brown 

bility), % 

1-98 

90-100 

1-100 

Useful diln., parts of water 

2-5 

1 or less 

3 10 


23 


114 




Dextrin (page 2) 


Specification : JAN-D-232 

The specification covers two types of corn dextrin : Type S -white, a r.i 
Type is- yellow. These vary in composition as indicated by a wide differ- 
ence in water solubility. 


Molecular Weight: 

Color : 

Density, g./mi. : 

Melting Point,: 

Specific Heat, cal./g,/°C at 9fl°C : 
Hygroscopicity : 

Health Hazard: 


variable (appreciably 
less than starch ) 

white to dark brown 

1.0384 

decomposes 

0.292 

very deliquescent 
non toxic 


1 

1 

20V3 

93 


Safety Classifications : 


GSM: 

ICC: 

Use <n Pyrotechnics: 

Dextriiis have strong adhesive properties and 


not listed 

no shi aping label required 
fuel and birder 
are used mainly as pastes, 


Additional References: 

1) B. Brimhali, Ind. Eng. Chem. 36, 72 (1944) 

2) j'. Geerdes et ai., J. Am. Chem. Soc. 79, 4209 (1957) 

3) “Chemistry and Industry of Starch,” R. W. Kerr, Ed., Academic Press, 
Inc., New York (1950) 

4) G. M. Christensen and F. Smith, J. Ain. Chem. Soc. 79, 4492 (1557) 
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3. j-DIAMINO»2,3-l)ltiV OROANTHSAQl IITVONK 

( \ -i,il!.'ss!5jss«-'2,H-d it. j c!ra-*>, 1 IWiliydlro- < ), 1 dwiilliracmne, 

Violet A 11M)) 

Structural Formula: 


Ci«H ]S O s N, 



lief 


82 


Specification No.: MIL-D-3668 

Covers one grade with a minimum purity of 87%. 
Molecular Weight : 240.26 

Color : violet 


Density, g./ml. : (apparent) 0.35 ± 0.10 

Solubility: soluble in 95% alcohol 

Health • Some toxicity as indicated by the specification requirement that 

each container be conspicuously labelled: "OAIjTION- —Avoid skin contact 
or breathing of dust fumes. Provide adequate ventilation in work areas.” 
Safety Classifications : 

OSM : n.v>t listed 

ICC : not listed 


Spec. 

upcC. 


Use in Pyrotechnics: To impart violet color to burning smoke mixtures. 
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MATOMACKOIIS FAKTI1 

(InfiMoriul earth, “DiatomiJe,” fossil flour, Kimlpihr, T »•.?(*< si ife, 
SihcMm* parlh, Tripoli (a type of crystalline <lia!<*initc), 
“Celil* ” “Frariimtonti,” “liltcHiJ,” fiitpwvMcsa) 

Diatomaceous earth is composed of the siliceous skeletons of diatom.:, wh ich 
are microscopic aquatic plants of the class Bacillerieae. These oe-ur iu great 
beds an t are not earthy, Large deposits occur in tin wesim .1 part of the U.S. 
After being dug from open pits, the diatomite is prepare, . comm* rcial us, 
usually by being heated to remove organic, master and treatea u h tcids to 
remove iron. The individual diatoms occur in a great many fe;in„ and differ 
considerably in size. The average particle size varies from 1 t<' 4t'v *nd the 
specific surface from about 7.050 to as much as 67,000 sr em./g. Chemically, 
diatomita is mainly silica (usually the SiO* content is Detween 84 anU 92%), 
The impurities are highly variable and 1 -e usually Al and Fe oxides. The 
water content varies from 2 to 10%. T^e physical properties also cary • er a 
wide range. 

Diatomaceous earth is frequently used because of its highly absorptive 
character which is closely related to its specific surface. Oii absorption varies 
from 25 to 150 lbs, of oil per 100 : os. of dialomite ; water from one to four Hires 
the weight of diatomite. This porosity is a result of the fact that th n shells of 
the diatoms are hollow. 

Diatomite is a poor conductor of heat, electricity, and sound, and makes an 
excellent filter. 


Specification : MIL-D-20550 

The specification requires that the materml be a naturally mined diatomace- 
ous earth which has not been ignited. 

Si0 2 content, % : 85.0 to 87.0 

Organic matter, % : max 1.0 

Linseed absorption, g. oil/100 g. material r 150 to 210 

Normal color and form: white to light gray, to pale buff line powder, varies 
with the nature of the impurities present 
Density g./nn. : 

noncalcined 1.90 


1 -med and bleached, whitest grades 2.35 

Apparent : 0.24 to 0.S4 

Spec, requirement: (max.) 0.3 

Melting Point: Uncontaminated diatomaceous earth should melt at the temp, 
of fusion of silica, i.e., 1873°K (1600°C). The average quality sinters at 


about 1073°K (800°C). 

Specific Heat: cah/g./deg. at 25°C: 0.23 

Hygroscopicity : 


hV/7:. 

50 V 16. 

Ad dnl. Ref. .1 

52V3, 29 


Addnl. Ref. 2 
50V10 

Addnl. Ref. 2 

Addnl. Ref. 2 
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K 


l)inl»u.it <oi;a Earl?! ( 2) 


Solubility Data: Insoluble in water, acids, and dilute alkalies. Rei.istant to most 
chemicals. MtacVcd by IIF and slowlv dissolved by hot aeneous caustic 
aikali. 


>'e?*lth hazard : Moderately toxic on inhalation. Under long exposure to high 
concentrations the dust may cause pulmonary ft bra is. 

Fire and Explosion Hazard : none mentioned 

Use in Pyrotechnics: as an inert filler 


Additional References: 

1 ) ‘'Clarifying Efficiency of Diatomaceous Filter Aids,” A. B. Cummins, 
Ind. Chem., 3i, 403 (1942) 

2) “Diatomrceous Earth,” R. Calvert, ACS Monograph No. 52, Chemical 
Catalogue Co., New York ( 1930) 


29, 52 


95, 29 



Krfs 


IW1:|ITYM*IIT!!ALATF, 


in-l»iUy!|»hllib«»~, uihi.tyl-jf-phthaHati', butyl phtlinllatr, 
■ Hi hjgiy!- 1 ^-iwnm'm'tlirarlmitylaU') 


Formula : C.JF (COOC.(Hi,) 2 or C|«II 22 0, 


The industrial product made by the Commercial Solvents Corp. has the 
following properties: Purity, 99-100%; Boiling Range at 37 mm. press., 
227-235° C ; M.P. < -10°C; Flash Point, 347° F. 

Specification No.: JAN-D-218 


Molecular Weight : 
Form : 

Color : 

Density, g./ml.: 


278.34 
oily liquid 
colorless 
(liquid) 1.0465 
1.0427 


Coefficient of Thermal Expansion : 

Heat of Forniation, Real. /mole at 18°C: 
At constant pressures : 

At constant volume : 

Free Energy of Formation: 

Entropy : 

Mel tine Point: 

Heat of Fuse n : 

Boi’mg Point: 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature : 
Decomposition Products : 

Vapor Pressure: 


-207.2 

-199.6 


238°K v 


622°K (349°C) 
613°K (340°C) 


Press mm. 

1 

10 

40 

too 

400 

760 

Temp. °C 

148.2 

198.2 

235.8 

263.7 

313.5 

340 


See also Addnl. Itef. 2 


1 

1 

1 

Addnl. Ref. 2 
Addnl. Ref. 1 


29 

31A 


1 


X-Ray Crystallographic Data: — 

Hygroscopicity : 

Solubility Data: In water : 0.04 g./lOO ml. at 25°C 1 

Miscible in all proportions with alcohol, ether, acetone, benzene, and many 
organic liquids. 
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Health Hazard: Low; ingestion can cause gastrointestinal distiirhavea. 29 

Safety Classifications : 

OSM ; Listed as substantially inert and presenting no pm L.silar Ore or 
toxic hazard as used in Ordnance establishments. 

ICO: not listed 

Fire and Explosion Hazard : Combustible on exposure to heat or (bum in 75 

react with oxidizing materials. To tight fire use water, foam, CC... -ry 
chemical, or CC1 4 . 

Heat of Combustion, Kcal./m le at 20°C ( H O liquid) : 

1 536.2 

Flash Point, °F (closed cup) : 315 75 

(open cup) : 335 

Autoignition Temperature, °F: 757 37,7! 

Use in Pyrotechnics: As a solvent for nitrocellulose. 

Additional References: 1 

1) L, Mcrla-d, Mem. artillerie f ran$. 28 . 476 ( 1954) I 

' t “T e Vapour Pressure of di-n-butyphthalaU* di-n-fcutylsebaeate, Laurie 
Acid and Myristic Acid,” L. Hammer and A. L. Lyderson, Chem. Eng. 

Sci. 1, 66 (1957) 


120 


1 ,4-1 II (MKTIiYI.A:«lNO) ANTHK AtflifNONK 

{ I , S-his( aisrlln hsiuh.o ) -jmf h'-iMjubiiMi**,-, iliirniioi ItrilliniH SS!m«* i\ 
CVl'iSon (s- ) I'as! ISCiK- it; til h i 5* Hi, i'll i)w;w>iSf B'ii* 5 t) 


A <7 .S‘. 


Structural Formula : 


C„H„NA 


0 N(IICH 3 ) 
II I 



l! * 

0 N(HCHs) 


Specification No. : 

Molecular Weight: 

Crystalline Form : 

Color: 

Density : 

Coefficient of Thermal Expansion: 
Heat of Formation : 

Free Energy of Formation: 
Entropy: 

Melting Point: 

Spec, min : 

Heat of Fusion : 

Boiling Point: „ 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature : 

For DTA and TGA see Ref. 80 

Decomposition Products : 

Vapor Pressure: 

X crystallographic Data: 

Absorption Spectra, see Ref. 66 

Hygroscopicity : 

Solubility Data (mg./lOO ml.), 

In water at 25°C : 

at 80 r Z : 


MIL-D-21354 

266.30 


b’ue 


494-6°K 
(221 -3°C) 
4S2 f 'K (209°C' 


<0.00002 

0.0002 


Addnl. Tef. 1 


Addn!. Ref. 2 
A.ddnl. Ref. 3 
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! , M>( ( ini'll’ vhur Ji ;!«■ ( |M«r -■*) 


o.l:: 

o.'«; 

1.0 


\vr./i. ni m c.ii.oif; 

In ethyl acetate: 

In benzene: 

Health Hazard: toxicity unknown 

The spoc. rajuiro. that each containin' bo conspicuously labeled, “Caution. 
Avoid skin contact or breathing of dust or fumes. Provide Adequate Ve.iti - 
latum.” 


Safety Classifications : 

OSM : 

ICC: 

Fire anti Explosion Hazard: 

Electrostatic Sensitivity : 

Use in Pyrotechnics : 

Additional References : 

1) C.A. U 7 , 870 (1953) 

2) J . Soc. Dyers Colourists 70, 68-77 (1954) 


not 1 isted 
not listed 


to color smoke 
mixtures blue 


92 
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4-DIMETHYLAMINOAZOBENZENE 

(IWinpneazodimethylaciline; N.N-dbnetliyl-p-phenylazoaniline; 
Sudan Yellow GGA, butter yi'llow; methy! yellow, 

CJ. 11020, C.I. Solvent /e!low 2) 

Structural Formula: ChH is N s 

(H,C),N-Q-N:K-(3 

Specification No.: XPA-PD-367 (Rev. 1) 

The spec, requires a min. purity of 93%. 

Molecular Weight: 

Crystalline Form: 

Color : 

Density : 

Coefficient of Thermal Expansion : 

Heat of Formation: 

Free Energy of Formation : 

Entropy : 

Melting Point: 

Heat of Fusion: 

Boiling Point: 

Transition Point: 

Heat of Sublimation, Kcal./mole: 

Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature : 

For TGA see Ref. 80 
Decomposition Products: 

Vapor Pressure m M Hg between 86° and 108° = a -f- (b X 10 3 /T) 
a = 17.57 ±: 0.13, b = - 6.31 ± 0.05, T = absolute temp. 


Temp. °C 100 110 115 

V.P.n 7^52 12.4 : 202’ 

Energy of Volatilization, Kcal./mole 

at 264-3Sl°C (96% purity) : 21.2 

X-Ray Crystallograpiiic Data: 

Hygroscopicity : 

Solubility Data (g./lOO g.) 

In water at 25°C : 0.00003 

at 80°C: 0.0008 

In pyridine: about 28 


225.30 

leaflets 

yellow 


388°K (115°C) 
390°K (117 r C) 


28.9 


.Vc/7. 

1, 29, 48, 48A 


1,29 


48 

Addnl. Ref. 1 

Addnl. Ref. 2 


Addnl. Refs. 
1,2 

Addnl. Ref. 2 

80 

Addnl. Ref. 3 
88 VI SI 
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4-U5sric-thyliunif«oaiobeiiz.«*n** ( page 2) 


In alcohol, benzene, chloroform, ether, petroleum ether, oils, and mineral 
acids: soluble 

Health Hazard : may cause cancer 

The spec, requires that “Each container shall be conspicuously la! tied: 
“CAUTION — Avoid skin contact or breathing of dust or fumes. Provide ade- 


quate ventilation.” 

Safety Gasifications : 

OSM : not listed 

ICC : not listed 

Fire ard Explosion Hazard - 

Heat of Combustion, cal. /mole. Cp: 1909.6 

Cv: 1908.3 

Electrostatic Sensitivity: 

to color smoke mixtures 

Use in Pyrotechnics: vellow 


Additional References - 

1) “The Vapor Pressures and Heats of Sublimation of p-Nitroaniline, 
NN-Dimethyl-p-nitroaniline, p-aminoazobenzene and NN-Dimet.hyl- 
p-amn.oaz benzene,” T. G. Majury, Chem. & Ina. 1S56, 349 

2) ‘The Dyeing of Cellulose Acetate with Non-Ionic Dyes. III. Dyeing 
from the Vapour Phase,” T. G. Majury, J. Soc. Dyers Colourisrs 72, 41 
(1956) 

3) J. S.«. Dyer* Colourists, 70, 68-77 (1954) 


29 

29, 84 


88 V 16 
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Refs. 


2- (4-DIMETHYL AMINO 4ZO PHENYL) NAPHTHALENE 

( 4-/?-naphthaIeneazodf methylsiiil ine ; 
/ ? -naphtha!eneazo~4~diinethy5aniIine; 
N,N-Dimcthyl-p-2-Naphthylazo Aniline ) 


Structural Formula: 


Ci 8 Hi 7 N a 


dr 


N:N -0 N(CH * )j 


Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color : 

Density : 

Coefficient of Thermal Expansion : 
Heat of Formation: 

Free Energy of Formation: 
Entropy : 

Melting Point: 


MIL-D-3613 

275.36 

brownish-yellow 


445°K (172°C) 
447°K (174°C) 


Heat of Fusion : 

Boiling Point: 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy: 

Heat Capacity : 

Decomposition femperatm 

Decomposition Products: 

Vapor Pressure: 

X-Ray Crystallographic Data: 

For Absorption Spectra see Addnl. Refs. 3, 4, 5 

Hygroscopicity : 

Solubility Data (g. to dissolve 1 g. dye) : 

In toluene or CC1 4 : 70 

In benzene : soluble 


Health Hazard: 
Safety Classification: 
OSM: 

ICC: 


not listed 
not listed 


Addnl. Ref. 1 
Addm. Refs. 
2,5 


Addnl. Refs, 
2,3 


I 

j 


2‘-(4-dimethylaminoazophcnyl) Naphthalene (page 2) 


Fire and Explosion Hazard: 

Electrostatic Sensitivity: 

Use in Pyrotechnics: to color smoke mixtures 

yellow 

Additional References : 

1) "Condensation of aromatic amines with nitranilines. Preparation of 
azoamine compounds,” M. Martynoff, Compt. rend. 227, 1373 (1948) 

2) “Ziar Kenlniss der Diazoaminokorper,” H. Goldschmidt and B. Bardach, 
ber. 20 , 386 (1928) 

3) “Some Azo Dyes in Non-Aqueous Solvents,” C. May and H. Hunt, Ind. 
Chem. 20 , 386 ( 1928) 

4) “Absorption spectra and structure of aminoazo derivatives,” M. Marty- 
noff, Compt. rend. 236 , 88 (1953) ; “Physical Properties of the Aminca- 
zobenzene Dves. Absorption Spectra in Acid Solution,” E. Sawicki, J. 
Org. Chem. 22 , 1084 (1957) 

5) “Physical Properties of the Aminoazobenzene Dyes. IX. Absorption 
Spectra in Alcohol and Acid Solution of Disazobenzene Dyes,” E. 
Sawicki, J. Org. Chem. 23, 532 (1958) 



DIPHENYLA F JNE 


(n-phenylanilsne, Anilmohensene) 


Refs. 


Formula : 

Specification No,: 

Molecular Weignt: 

Crystalline Form: 

Color : 

Density, g./ml. : 

Coefficient of Thermal Expansion: 

Heat of Formation, Kcal./mole at 13° C: 
at constant pressure: 
at constant volume: 

Free Energy of Formation : 

Entropy : 

Melting Point: 

Heat of Fusion, cal. (15°C)/g.: 
foiling Point: 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature : 
Decomposition Products: 

Vapor Pressure: 


(C 8 H b ),NH 

JAN-D-98 

169.22 

monoclinic 1 

coloriesr leaflets (darkens 1 
ou exposure to light) 

(solid) 1.159 1 


-28.2 

-31.7 


Addnl. Ref. 1 


326°K (5 3°v,) 
25.2 

575°R (302°C) 


1 

1 

1 


1 


Press. mm. 

1 

10 

40 

100 

40C 

760 

M.P. 

Temp. °C 

108.3 

157.0 

194.3 

222.8 

274.1 

302.0 

52.9 


X-Ray Crystallographic Data: 

System a b e Axial Angle Mc't^ules/ Unit Cell 

mon relink 14,0 13.9 39.5 B = 91°30' 32 


1 


Hygrosecpicity : 

— 

Solubility Data (g./lOOml.) 


In water at 25°C : 

0.030 

In ethyl alcohol: 

about 44 

In methyl alcohol : 

57.6 

In ether: 

very soluble 

In benzene and ligroin: 

slightly soluble 


Health Hazard : Toxic on ingestion, inhalat’on, or Bkin absorption. Irritating 
to the mucous membranes. 


1 


12,29 
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DiphenyMme (page 2) 


Safety Classifications: 

OSM : Listed as substantially inert. Presents no particular i»i*e or toxic 
hazard as used in Ordnance establishments. 


Fire and Explosion Hazard : Dangerous ; when heated to decomposition emits 
highly toxic fumes. Can react with oxidizing materials. Combustible. 

To fight fire use water, CO I( dry chemicals, or CC1 4 . 

Heat of Combustion, Real., 'mole at 20°C and 1 atm. : 1636.2 


Specific Heat, cal. (15 0 )/gr./°C, solid at2fi f C : 

liquid at 53°C : 0.464 

Flash Point, °F (dosed cup) : 307 

Autoignition Temperature, °F: 846 

Electrostatic Sensitivity : 


Use in Pyrotechnics: 


as a stabilizer for 
nitrocellulose 


12 

67, 75 
1 
1 

12, 67 
12, 67 


Additional References: 

1) L. Mddttrd, M6m. artillorie franc, 28 , 478 (1964) 
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E^HYLCELLULOSE I Refs. 

(Cellulose Ethyl Ether) 

Formula; [CeHio-xOs-x (OC 2 H 0 ) *] „ 

where x = no. of (OC 3 H s ) groups and n = degree of polymerization 
Specification No.: MIL-E-10853B 

The spec, covers 46.8-48.5% ethoxyl content or x = approximately 2.4-2.5, 
and lists two classes which vary in viscosity, ethoxyl content, ash content, 
and granulation: class I, 46.8-48.5% ; class II, 47.1-48.1%. 

Molecular Weight : variable high 

Crystalline Form : (specification) amor- 

phous granules 

Color : white 

Density, g./ml. : (solid) 1.09-1.17 60 

CoeJficitiit of Thermal Expansion: 

Heat of Formation: 

Free Energy of Formation: 

Entropy : 

Melting Point: 513°K + (240 + °C) 12 

Ethyl cellulose with 48% ethoxyl content softens at 425-435°K 69 

(152-162°C) 

Heat of Fusion: 

Boiling Point: 

Transition Point: 

Second order transition temperature, °C : 43 59 

Heat of Sublimation: 

Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature : 

For DTA and TGA see Ref. 33 

Decomposition Products: 

Vapor Pressure: 

X-Ray Crystallographic Data: 

Hygroscopicity : 

Solubility Data (for 47% ethoxyl content) : Soluble in ethyl acetate, ethylene, 29 
dichloride, benzene, toluene, xylene, butyl acetate, acetone, methanol, etha- 
nol and CCh. 

Health Hazard : none mentioned 

Safety Classifications: 

OSM : not listed 

ICC : not listed 
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Ethylcellulosc (page 2) 


Fire and Explosion Hazard: Combustible when exposed to heat or flame by 
chemical reaction with oxidizing agents. Flammability varies with ethoxyl 
content. 

Ignition Temperature of Dust Cloud, °C: 320 

Burning Behavior : First melts and drips and drippings continue to burn. The 
flame is yellow with blue edges. 

Commercial Types : A number of types of ethylcellulose are commercially avail- 
able. These range from 44.5 to 49.0 + in ethoxyl content and from very 
low to highly viscous materials (5% concentration from 3 to 5000 -f centi- 
poises) 

Electrostatic Sensitivity, minimum energy required for ignition of dust cloud 
by electric sparks (millijoules) : 10 

Use in Pyrotechnics: as a binding agent and 

retardant 


Additional References: 

1) “Cellulose and Cellulose Derivatives," 
Publishers, Inc., New York ( 1954) 


E. Ott et al., Eds., Interscience 


12, 60 

26 

60 

69 


26 
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FERRIC OXIDE, Fe.O* 


(Iron Ovide, Burned Ochre, Indian Ited Rouge, 

Venetian Red, Red Chalk. 

Red Earth, Red Hematite, Red Stone, 

Persian Red, Persian Gulf Oxide, Colcothar, Iren Sesquioxide) 

Percent Oxygen: 


30.06 

Specification No.: 


JAN-I-706 

The specification covers class 1, coarse, and class 2, fine. 

Molecular Weight: 


159.70 

Crystalline Form: 


hexagonal 

Color : 


reddish-brown to black 

Density, g./ml. : 


(solid) 5.24 

Coefficient of Thermal Expansion, linear : 

7 X 10- a 


cubic : 

4 X 10- R 

See also Addnl. Ref. 2 



Heat of Formation, Kcal./mole 


196.5 

See Table a 



Free Energy of Formation, Kcal./mole: 

-177.9 

See Table a 



a. HEAT AND FREE ENERGY OF FORMATION 

OF Fe 2 O s (hematite, p, y) 

o 

W 

A H (cal./mole) 

A F° (cal./mole) 

298.16 .... 

-196,800 (± 1300) 

-177,400 (± 1500) 

400 

-196,400 

-170,800 

500 

-195,800 

-164,500 

600 

-195,200 

-158,300 

700 

-194,500 

-152,200 

800 

-193,800 

-146,200 

900 

-193,000 

-140,300 

950 

-192,800 

-137,400 

950 

-192,600 

-137,400 

1000 

-192,600 

-134,500 

1033 

-193,100 

-132,600 

1033 

-193,100 

-132,600 

1050 

-193,000 

-131,600 

1050 

-193,000 

-131,600 

1100 

-193,000 

-128,700 

1179 

-193,000 

-124,100 

1179 

-193,400 

-124,100 

1200 

-193,300 

-122,800 

1300 

-193,000 

-117,000 


Refs 

1, 11, 16, 29 


1 

1 

54V13 

1,9 
8, 9 

2 
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Ferric Oxide, Fe^Og (page 2) 


T, 

°K 

A H (cal./mole) A F ! 

' (cal./mcle) 

1400 



-192,600 

iffif ’ 

1500 


-192,400 


1600 


-192,100 


1674 


-191,900 

vf v.vB 

1674 


-192,100 


1700 


-192,100 

-93,700 

1800 


-191,700 

-88,000 



Phase Changes of Metal 



T.P., 

1033°K ; A H = 0 (Curie point) 



T.P., 

1179°K ;AH = 210 cal./g.-atom 



T.P., 

1674°K ;aH= 110 cal./g.-atom 



Free Energy Equations: 


2 


Reaction Range of Validity, °K 

1) 2Fe («) + 3/2 0 2 (g) = Fe 2 0* (hematite) 298.16-950 

AF? ==-200,000- 13.84T log T- 1.45 (10 S T 2 ) + 1.905 (10 B T ») -f 108.28T 

2) 2Fe («) + 3/2 0 2 (g) = Fe 2 0 8 (p) 950-1033 

A F£ = ~ 202,960 - 42.64T log T -+ 7.85 (10 *T 2 ) + .13 (10 B T *) + 188.48T 

3) 2Fe (p) + 3/2 0 2 (g) = Fe s Og (p) 1033-1050 

A F? = - 196,760- 10.27T log T + .75 (10 J T 2 ) - .30 (lO’T 1 ) -f 92.86T 

4) 2Fe (p) 4- 3/2 0 2 (g) == Fe 2 O t (y) 1050-1179 

A F? =- 193,200 -.39T log T-. 13 (10 »T 2 )-.30 (lOT’) + 59.96T 

5) 2Fe ( y ) + 3/2 0 2 (g) = Fe 2 Og ( r ) 1179-1674 

A F£ — - 202,540 - 25.95T log T 4- 2.87 (10 S T*) - .SO ( 10 B T ») + 142.85T 

6) 2F< (8) + 3/20 2 (g) =Fe 2 0 8 ( y ) 1674-1800 

A F x = - 192,920 -.85T log T-. 13 (lO^T 2 ) -.30 (iOST 1 ) + 61.21T 


Entropy, cal./deg./mole at 298.16°K: 

See Table b 
Melting Point: 

Heat of Fusion: 

Boiling Point: 

Heat of Vaporization: 

Transition Point: 

Heat of Transition, cal./mole: 

Heat of Sublimation: 


21.5 9 

1838°K (1565°C) 1 


a 950°K S 1050°K y 
' 

c top ~ 160 ; pto y -- 0 4 
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Ferric Oxide, 

b. 

Fe 2 O s (page 3) 

HEAT CONTENT AND ENTROPY OF Fe 2 0 3 (c) 
(Base, a-crystals at 298.15°K) 


4 

T, °K 

H t — H^or.ts 

St — S 09 H .15 

T, °K H. 

- H 29 8.|5 

Sr - S 2 »e.is 


cal./mole 

cal./deg. 

cal./mole 

cal./deg. 



mole 



mole 

400 .... 

2750 

7.91 

1050 (y) . . . 

25,820 

41.31 

500 .... 

5770 

14.64 

1100 

27,500 

42.87 

600 .... 

9010 

20.54 

1200 

30.870 

45.80 

700 .... 

12,460 

25.85 

1300 

34,250 

48.51 

800 .... 

16,130 

30.75 

1400 

37,650 

51.03 

900 .... 

20,030 

35.34 

1500 

41,070 

53.39 

950 (a) . . 

22,060 

37.54 

1600 

44,540 

55.63 

950 (p) . . 

22,220 

37.71 

1700 

48,100 

57.79 

1000 . . . . 

24,020 

39.55 

1800 

51,880 

59.95 

1050 ( 0 ) . . 

25,820 

41.31 






Fe 2 Os(«) : 




Enthalpy : H T 

- H 298 . 15 = 2S.4ST -f 9.30 X 10 »T S + 3.55 X 10 5 T-> - 9021 



(0.1 percent ; 298~950°K) 




Heat Capacity 

: C p = 23.49 + 18.60 X 10 *T -3.55 X lO'T 2 





Fe 2 O a (^) : 




Enthalpy : H T 

— H 298.15 — 36.00T — 

11,980 (0.1 percent ; 950-1050°K) 





Fe 2 0,( y ): 




Enthalpy : H T 

- H 293 . 15 = 31.71T -f 0.88 x 10 -*T 2 - 8446 




(0.1 percent; 1050-1800°K) 




Heat Capacity : C p = 31.71 -f 1.76 X 1 9*T 




Heat Capacity, cai. /deg. /mole: 


(solid) a = 25.0 

9 




p == 36.0 

4 

Decomposition Temperature, °K 


7730 


8 

See also 

Ref. 54 Vi 3 





Dtxomnosition Products: (high+emp.) Fe 3 0 4 + 0 2 


Addnl. Ref. 3 

Vapor Prto 4 , 

re . Difficult to vaporize. Contradictory data in the iiic rature. 

44V59B 

X-Ray Crystallographic Data: 






System Space Group 

a Axial Angle 

Molecules/ 

1 

(hematite) 

hexagonal 

D 6 

5.42 a r= 55° 17' 

Unit Cell 


(magnetic) 

cubic 


8.30 

2 


Hygroscopicity • 


— 



Solubility Data: Insoluble in water; soluble in acids. 



Health Hazard - 


none leported 


50V7 

M.A.C., mg /'m. 3 (for fumes) : 

15 


25 


f 



Ffrrif Oxide, Fe 2 O s (page 4) 


irtiet.v Classifications : 

Fire and Explosion Hazard : 

Electrostatic Sensitivity: 

Use in Pyrotechnics: 

Additional References : 

1) “Health Hazards Associated with Welding,” F. Hutchinson, Heating 
and Ventilating At, 73 (1944) 

2) C.A. 45, 9978 (1951) refers to Proc. Indian Acad. Sci. 33 A, 245-249 
(1951) where data are given. 

3) C.A. 36, 4400 (1942) 


none listed 
none listed 

as an oxidizer 
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FERROSOEI KKII OXIDE, ’ f v,0, 


(Iron (II, III) Ox 

ide. R'iiHv li v ,»n fHitlt , rlajgnetitc, Triimti IVl "oxide 

£«• Iron Oxidr, Etliio*'* froi 

I ..milestone) 

Percent Oxygen: 


27.64 

Specification No. : 


JAN- 1 275 

Molecular Weight: 


231.55 

Crystalline Form: 


cubic 

Color : 


black to red-black 

Density, g./ml. . 


i solid) 5.i8 

Coefficient of Thermal Expansion, linear, 17--50°C : 

95.4 X 10 


(magnetite) cubic, 17~50°C: 

29 X 10 " 

Heat of Formation, 

Kcal /m. ie at 298°K : 

-267.0 

See Table a 



Free Energy of Formation, Real. /mole at 298" K . 

-242.4 

See Table a and 

Free Energy Equations 


a. HEAT AND FREE ENERGY OF FORMATION OF Fe.,0 4 (magnetite p, 1) 

T, °K 

A H (cal./mole) 

A F° ( cal./mole 1 

298.16 .... 

-267,800 (±1000) 

-243,200 f ±1200) 

400 

-267,200 

-234,900 

500 

-266,300 

-226,900 

600 

-265,300 

-219,100 

700 

-264,000 

-211,500 

800 

-262,300 

-204.100 

900 

-260,500 

-197,000 

900 .... 

-260,500 

-197,000 

1000 

-260,800 

-189,900 

1033 

-261,700 

-187.600 

1033 

-261,700 

-187,600 

1100 

-261,700 

-182,800 

1179 

-261,700 

-177,100 

1179 . . . . 

-262,300 

-177,100 

1200 

-262,200 

-175,600 

1300 

-261,700 

-168,400 

1400 

-261,300 

-161,200 

1500 

-261,000 

-154,100 

1600 

-260 800 

-147.000 

1674 

-260,700 

-141,700 

1674 

-261,000 

-141,700 

1700 

-261,100 

-139,800 

1800 

-261,100 

-132,700 

1803 

-261,100 

-132,500 

1803 

-272,200 

-132,500 

1870 .... 

-272,200 

-127,300 

1870 

-239,200 

-1^7,300 

1900 

-239,000 

-125,800 

2000 

-238,200 

-119,800 
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Ferrosoferric Oxide, Fe-O, (page 2) 

Phase Changes of Metal 
T.P., 1 033 °K;aH = 0 (Curie point) 

T.P., 1179°K ; a H == 210 cal./g.-atom 
T.P., 1674°K ; A H = 110 cal./g.-atom 
M.P., 1803°K ;aH = 3700 cal./g.-atom 
Free Energy Equations: 

Reaction Range of Validity, °K 

1) 3Fe (a) + 20 2 (g) = Fe 8 G 4 (magnetite) 298.16-900 

A F? — -268,310 + 5.87T log T- 12.45 (10 3 T 2 ) + .245 (lO^T 1 ) -f 73.11T 

2) 3Fe (a) + 20 2 (g) = Fe,0„ (p) 900-1033 

AF£ = - 272,300 -54.27T log T + 11.65 (10 S T=) +.245 (10 S T ») + 233.52T 

3) 3Fe (8) + 20 2 (g) = Fe 3 0 4 (ft) 1033-1179 

a F?. =- 262,990 -5.71T logT + 1.00 (i0 a T 2 ) -.40 (10 5 T ') + 89.19T 

4) 3Fe ( r ) + 20 = (g) = Fe 3 0 4 (/3) 1179-1671 

A ~ 276,990 - 44.05T log T + 5.50 (10-*T 2 ) - .40 ( lO'-T 1 ) + 213.52T 

5) 3Fe (8) + 20 2 (g) = Fe 3 0 4 (P) 1674-1803 

AF$. — - 262,560 -6.40T log T + 1.00 (10 *T 2 ) - .40 (10 5 T ’) + 91.05T 

6) 3Fe (1) + 20 2 (g) == Fe,0 4 (/ 3 ) 1803-1874 

A F^. = - 275,280 -8.74T log T + 1.90 (10 a T 2 ) -.40 (10 5 T >) 4- 104.84T 

7) 3Fe (1) + 20 2 (g) = Fe 3 0 4 (1) i874-2000 

A Ff =- 257,240 -26.89T logT + 1.00 (lO a T 2 ) - .40 (10 5 T >) + 155.46 


Entropy, cal./deg./mole at 298° K : 35.0 1, 9 

See Table b 

Melting Point: 1867 K (1594°C) 9 

Heat of Fusion, cal. /mole: 33,000 2,9 

Boiling Point : decomposes at 

260 ± 30°K (1787°C) 8 

Heat of Vaporization : 

Transition Point: 900°K (627°C) 

« P 4 

Heat of Transition, ca'./moie: 0.0 

Heat of Sublimation : 

b. HEAT CONTENT AND ENTROPY OF Fe 3 0 4 (c) 4 

(Base, ^-crystals at 298.15°K) 

T, °K H 3 - H 2( w S T - T, °K It - Hju, i» Si - S;«* is 

cal. /mole cnl./deg. cai./mole cal. /deg. 

mole mole 

— 400 . 3990 11.48 1100 40,150 62.81 

500 . . . 8320 21.12 1200 44,950 66.99 

600 13,060 29.75 1300 49,750 7e,83 

700 18,340 37.88 1400 54,550 74.39 

800 24,260 45.77 1500 59,350 77.70 

900 („) . . . 30,550 53.18 1600 64,150 80.80 

900 ip) . 30,550 53.18 ! 7 00 68,950 83.71 

1000 . . 35,350 58.24 1800 73,750 86.45 


136 



o 


Ferrosoferric Oxide, Fe^O, (page 3 ) 

Fe a O «(«) : 

Enthalpy: H t -H 2B8 . 15 = 21.88T -f 24.10 X 10 S T 2 - 8666 
(0.5 percent ; 298-900°K) 

Keat Capacity : C p = 21.88 +• 48.20 x 10 a T 

Fe 3 G.,(/3) : 

Enthalpy: H T - H 2 9 s.io = 43.00T ~ 12,650 (0.1 percent ; 900-1800°K) 

Heat Capacity, cal./deg./mole : (solid) ft, 48.00 

Decomposition Temperature, °K • 2060 ± 30 

Stable at red heat. Begins to decompose in a current of N at over 1300°, 

Decomposition Products: 

Vapor Pressure : 

X-Ray Crystallographic Data: 

System Space Group a Molecules /Unit Cell 

cubic OJ 8.37 8 

Solubility Data: Slightly soluble in acid; insoluble in alcohol and ether. 

Health Hazard : none reported 

M.A.C., mg./in. s (for fumes) : 15 

Safety Classifications: 

Fire and Explosion Hazard: 

Electrostatic Sensitivity: 

(Jse in Pyrotechnics: as an oxidizer 

Additional Reference : 

1) “Health Hazards Associated with Welding,” F. Hutchinson, Heating 
and Ventilati ng 4 1 , 73 ( 1 944 ) 


i 
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FERROUS SULFIDE, FeS 
(Iron Monosulfide, Iron Proto-Sulfide, Pyrrhotite) 

Specification No.: JAN-F-279 

The spec, covers one grade and two classes. Class A requires a min. of 
99.S % through a No. 100 Standard Sieve and Class B requires that the FeS 
be furnished in pieces capable of passing through a sieve having openings 
1-in, square. 

Molecular Weight: 87.92 

Crystalline Form: hexagonal 

Color: black-brown (colorless 

when pure) 

Density, g/ml. : (solid) 4.84 

Coefficient of Thermal Expansion (pyrrhotite) at 40°C: 


In direction of principal axis : 
Perpendicular : 

Heat of Formation, Kcal./mole at 298°E: 

Free Energy of Formation, Kcal./mole at 298°K : 
Entropy, cal./deg./mole at 298°K : 

See following table 
Melting Point: 

Heat of Fusion, cal./mole: 

Eoiling Point: 

Transition Point: 

Heat of Transition, cal./mole: 


.00000235 

.00003120 

(c) «, -22.72 
)S, -21.35 
(c) a, —28.32 

16.1 

1468°K (1195°C) 

p, 5000 
y, 7730 

decomposes 
« 411°K jg 598 e g y 
a 570°K p 120°K Y 


HEAT CONTENT AND ENTROPY OF FeS(c, 1) 
(Base, « -crystals at 298.15°K) 
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Refs. 


1 

1,79 


54 

1,9 

1,9 

1,9 

1,9 

4,7 

7 

4 

1 

4 

4 


T, °K 

Hr - Hash. 15 
cal./mole 

St — Sass. 15 

cal./deg. 

mole 

T, °K 


Hr - H 2 & 8.15 
cal./mole 

St — S 2 S 8.15 

cal./deg. 

mole 

350 .... 

710 

2.19 

1100 .... 


12,680 

21.33 

500 .... 

1470 

4.21 

1200 .... 


14,150 

22.63 

411 (a) . . 

1640 

4.63 

1300 .... 


15,680 

23.86 

411 (/?). . 

2210 

6.02 

1400 .... 


17,260 

25.03 

500 .... 

3760 

9.43 

1468 (y) . . 


18,350 

25.79 

598 (p). . 

5460 

12.53 

1468 (1) . . 


26,080 

31.05 

598 (y). . 

5580 

12.73 

1500 .... 


26,620 

31.42 

600 .... 

5610 

12.79 

1600 .... 


28,320 

32.51 

700 .... 

7020 

14.96 

1700 .... 


30,020 

33.54 

800 .... 

8430 

16.84 

1800 .... 


31,720 

34.51 

900 .... 

9840 

18.50 

’.00 .... 


33,420 

35.43 

1000 .... 

11,250 

19.99 

2000 .... 


35,120 

36.31 


Ferrous ftuliSde, FeS (page 2) 


FeS(*) : 

Enthalpy : H T - H 2#8>15 = 5.19T + 13.20 X 10 *T 2 - 2721 (0.8 percent ; 298-411°K) 
Heat Content : C p = 5.19 + 26.40 > 10*T 

FeS(j8): 

Enthalpy: H T -H r 15 = 17.40T- 4944 (0.1 percent; 411-598°K) 

FeS(y) : 

Enthalpy: H t -H 298 . 15 =.--12.20T -1.19 X 10*T 2 -2138 (0.3 percent ; 598-1468°K) 
Heat Content : C p — 12.20 -f 2.38 X 10 3 T 


FeS(l) : 

Enthalpy: H T 17. v9T+ 1120(0.1 percent; 1468~2000°K) 

Heat Capacity, cal./deg./mole : (<*) 13.1 (/S) 17.4 

(liquid) 17.00 

Decomposition Temperature : In a vacuum, dissociation starts at about 1100°C 
and is complete at 1600°C. 

Decomposition Products: Fe-}-S 

Vapor Pressure : 

X-Ray Crystallographic Data : 

System Space Group a c Molecules/ Unit Cell 

hexagonal CJ V 3.43 5.79 2 

Hygroscopicity : 

Solubility Data : In water : .00062 g./lOO ml. at 18 c C. Soluble in acids with evo- 
lution of H 2 S. Insoluble in ammonia. 

Health Hazard: slight (ordinary temp , 


4,9 

73V2 

1 

i 

-i 

a 

12 


Safety Classifications: 

OSM: n ot listed 

ICC: not listed 

Fire and Explosion Hazard : Dangerous when heated to decomposition, due to 
the highly toxic fumes of oxides of sulphur. On contact with incut acids 
poisonous hydrogen sulphide evolves which can form explosive mixtures 
with air. May react violently with powerful oxidizers. 

Use in Pyrotechnics: as a fuel 
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GRAPHITE 


Refs. 


(Plumbago, Black Lead, Mineral Carbon, 
Silver Lead, Carburet of Iron) 


Graphite occurs naturally as a mineral and is also made artificially by heat- 16, Addnl. 
ing carbon, usually coal, in an electric furnace. Natural graphites are of three Ref. 1 
general types: flake, crystalline ( plumbago >, and amorphous. The artificial 
product :.s purer than the natural. Graphite is marketed in a number of grades 
based on purify, electrical resistance, and fineness. In an inert atmosphere 
graphite can be kept at 3000° C without chany % but in air combines with oxygen 
above C00°C. The hardness of natural graphite is less than that of talc, which 
is 1 on Moh’s scale. Graphite is a good conductor of heat and electricity. 


Specification No.: JAN-G-155 

The spec, covers four grades : grades \ and 3 are manufactured ; 2 and 4 
are natural. They diflrr in purity, the natural being less pure and contain- 
ing up to 6% max. of silica vs. 0.6 % for the manufactured material. Natural 
graphite is used in pyrotechnb x 


Molecular Weight: 


12.011 


Crystalline Form: 
Color: 


hexagonal 

black 


Density, g./ml. : 

Coefficient of Thermal Expansion, linear at 40°C : 
Heat of Formation, Kcal./mole at 298°K : 

Free Energy of Formation. Kcal./mole at 298°K : 
Entropy, cal./deg./mole at 298°K : 

See following table 
Melting Point: 

Heat of Fusion, cak/moie : 

Boiling Point: 

Transition Point (sublimation temp.) 


(solid) 2.26 
7.86 X 10 * 

(gas) -170.890 
(gas) -160.040 

(gas) 37.76 
(solid) 1,37 

sublimes 

8000 

4000°K (3727°C) 
4620°K (4347°C) 


Heat of Sublimation, Kcal./mole, to ideal 
monatomic gas : 
to diatomic and triaiomic gas : 

Heat Content or Enthalpy, cal./mole at 298°K : 
See equation below table 


170 

200 

(solid) 251 
(gas, ideal) 
monatomic, 1 559 
diatomic, 2096 
triatomic, 2541 



Addnl. Ref. 4 
5 
1 
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Graphite (page 2) 

HEAT CONTENT AND ENTROPY OF C (graphite) 




(Base, 

crystals at 298.15°K) 


4 


~ T,»fc " 

H t — HgKg.lB 

St - Ssse.is 

T, °K 

Ht - H298.1S 

St - S298, 15 

t 


cal./mole 

cal./deg. 


cal./mole 

cal./deg. 




mole 



mole 

j : 

400 .... 

250 

0.72 

1800 .... 

73S0 

7.78 


500 .... 

570 

1.43 

1900 .... 

7920 

8.10 

l 

600 .... 

950 

2.12 

2000 .... 

8530 

8.41 

j : 

700 .... 

1370 

2.77 

2100 .... 

9130 

8.70 


800 .... 

1830 

3.38 

2200 .... 

9740 

8.99 


900 .... 

2320 

3.95 

2300 .... 

10,350 

9.26 

i 

1000 .... 

2820 

4.48 

2400 .... 

10,970 

9.52 

i 

1100 .... 

3340 

4.98 

2500 .... 

11,600 

9.78 

i 

i 

1200 .... 

3880 

5.45 

2750 .... 

13,170 

10.38 


1300 .... 

4430 

5.83 

3000 .... 

14,770 

10.93 

- » 

1400 .... 

4990 

6.30 

3250 .... 

16,390 

11.45 


1500 ... 

5560 

6.70 

3500 .... 

18,020 

11.93 

j 

1600 .... 

6150 

7.08 

3750 .... 

19,660 

12.39 


1700 .... 

6740 

7.44 

400C .... 

21,310 

12.81 

i 



C (graphite) : 





Enthalpy : H T 

- H 2#8 . 18 = 4.03T + 0.57 X 10* P + 2.04 X 10'T 1 

-1936 


> 

i 


(3.0 percent; 298-2500°K) 





Heat Capacity : C P = 4.03 + 1.14 X lOT -2.04 X 10'T * 


Heat Capacity, cal./deg./mole : 

Sec equation below tabic 
Decomposition Temperature: 
Decomposition Products: 
Vapor Pressure : 


(solid) 2.07 (gas) 4.98 


Press, mm. 

1 

10 

40 

100 

400 

760 

Temp. °C 

3586 

3^46 

4196 

4373 

4660 

4827 



X-Ray Crystallographic Data: 

System Space Group a c Molecules /Unit Cell 

hexagonal D^ h 2.455 6.99 4 

Hygroscopicity : 

Solubility Data: Insoluble in water, acids and alkalies. Soluble in molten iron 
Health Hazard: Dust can irritate eyes. 

Safety Classifications: 

OSM : not listed 

ICC : not listed 

Fire and Explosion Hazard: 


i 


Graphite (page 3) 

Electrostatic Sensitivity : 

Heat of Combustion, Kca!./g. : 7.900 

Use in Pyrotechnics: as a lubricant; to improve 

bonding under pr essure 

Additional References: 

1) "Industrial Carbon.” C. L. Mantel!, D. Van Nostrand Co., Princeton, 
N. J. (1946) 

2) "The Specific Heat of Graphite from 13° to 300°K,” W. De Sorbo and 
W. W. Tyler, Chem. Physics 21 , 1660 (1953) ; see also Ref. 63 

3) Ref. 64 

4) "Vapor Pressure and Heat of Vaporization of Graphite,” A. L. Marshall 
and F. J. Norton, J. Am. Chem. Soc. 55 , 432 (1933) 

5) For X-Ray structure see also “The Synthesis of Diamond,” H. T. Hall, 
J. Chem. Ed. 38 , 484 ( 1961 ) 


GUM ARABIC Refs. 

(Gum Preservative, Gum Acacia) 

Gum arabic is the dried gummy extraction obtained from acacia trees. The 16, 23, 29, 61 
gum is produced when the trees are in an unhealthy condition. Most of the gum 
comes from the Sudan and West Africa. Today tapping is widely used. The gum 
exudes as droplets or “tears” which gradually harden on exposure to the 
atmosphere. These “tears” ar o 0.75 to 3 in. in diameter. After the “tears” are 
removed the tree continues to exude gum from the wound. For the better grades 
the cleaned gum is hand picked to remove extraneous material. Some gum is 
bleached by exposure to the sun for several weeks. The gum is available in 
several grades : natural, cleaned and sifted, bleached and dust. 

In addition to the more common names of gum arabic, gum p. eservative, 
and gum acacia, other names relating to the color or grade or to the local area 
are used so that there is a great deal of confusion concerning the relationship 
among the name, the actual gum and the species of acacia from which the gum 
is derived. As usually shipped the gum contains about 15% moisture. Its aqueous 
solution is slightly acid. 

Gum arabic has been used as an adhesive since ancient times. It is a good 
emulsifying agent. 

See also Addnl. Refs. 1, 2, 3 

Specification : JJJ-G-821 

Molecular Weight : Variable high ; probably in tne range of 100,000 to 200,000. 

See Structure below 

Density, g./ml.: 1.3-1.4 

1.35-1.49 


1 

29 


Vapor Pressure: 

X-Ray Crystallographic Data: 

Hygroscopicity : Poor resistance to water. 

Solubility Data: Soluble in hot or cold water; oil and most organic solvents; 
aqueous alcohol up to about 60% alcohol ; glycerol and propylene glycol. 

Safety Classifications: 

OSM : not listed 

ICC : not listed 

Health Hazard : When injected intravenously may cause allergic reactions, kid- 
ney and liver damage. 

Fire and Explosion Hazard: combustible 

Electrostatic Sensitivity : 


29,60 

1,23,29 


29 


Chemical Structure: 

Gum arabic from different sources contains the same sugars, but their pro- 
portions vary considerably, as shown by the following table : 
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Gun Arabic (page 2) 

MOLAR RATIO OF CARBOHYDRATE COMPONENTS IN 
VARIOUS ACACIA GUMS 


Approximate Molar Ratio 

Gum Source Galactose 

L-Arabinose 

L-Rhamnose 

D-Glucuronic 

Acid 

Gum arabic 

3 

3 

1 

1 

Acacia mollissima 

5 

6 

1 

1 

Acacia 





cyanophylla 

11 

2 

5 

5 

Acacia karroo 

25 

22 

1 

6 

Acacia verek 

4 

2 

1 

1 

Acacia pycnantha 

65 

27 

2 

4 


A number of complex structures have been proposed not only for gum from 
different sources but also from the same source. Hydrolysis of gum arabic yields 
four different sugars, as shown in the table above, which together make up the 
basic gum arabic molecule. Because the proportions of these sugars vary with 
the source of the gum, no single formula can have any real significance. The 
following proposed structure indicates the complex nature of the gum : 
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PROPOSED STRUCTURE FOR GUM ARABIC 


23 


Use in Pyrotechnics: as a fuel, bonding agent, 

adhesive, and retardant 

Additional References: 

1) Ref. 70 

2) ‘‘Natural Plant Hydrocollrids,” Ind. & Eng. Chem., Eds., Advances in 
Chemistry Series, No. 11, American Chemical Society, Washington, 
D C. (19541 

3> “The Structure of Acacia Sundra Gum — Part I. Nature of tne Sugars 
Present and Structure of the Aldobiuronic Acid,” S. Mukherjec and 
A. N. Shivastava. J. Am. Chem. Sec. SO, 2536 (1968) 


hi 


GUM TRAGACANTH 

Gur tm^acanth is the dried gummy exudate obtained from severs') varie- 
ties of tiie shrub-like plants of the Astragalus family, which grow in the semi- 
desert and mountainous areas of Turkey, Iran, and Syria The gum exudes 
spontaneously and hardens on exposure to the air either in the form of short 
*2 4 in.) ribbons which are flat, flexible and opaque, or in thick brittle flakes 
' in.) , depending on the particular species of plant. The supply is increased 
by making incisions in the shrubs. The gum is sorted into five grades ; toe best 
grades being the lightest colored of the leissvs-t ribbons or largest faker. 

Chemically, gum trag&canth is a complex mixture of polysaccharides. On 
hydrolysis D-galacturonic acid, D-galactose, L-fucose, D xyl ne, esui Ir-arabinose 
are obtained. Gum tragacanth is about 60 70% insoluble h w, >! >r, but swells to 
form a gel which is regarded as bassorin (GnH^Oio) . The water soluble portion 
which gives a colloidal hydrosol with water is tragacanthin. It consists 

of a ring of three molecules of giucoror.ii acid and i molecule of arabinose with 
a side chain of two molecules of arabinose. 

Gum tragacanth in solution has the properties of a partially cro .8-1 inked 
nolymer, in that a small portion is soluble while the greater portion remains as 
a swollen gel or gel-like dispersion. When properly preserved, gum tragacanth 
forms stable solutions over long periods of time in either cold or warm storage. 

A study of the infrared spectra of a wide variety of gums showed that the 
different samples of any one type of gum have essentially the same type of spec- 
trum. Tragacanth shows a strong carbonyl absorption at about 5 .73^. The dif- 
ferences among the various infrared spectra are sufficiently definite to serve 
as a means of identification and classification. 

An analysis of a representative sample of gum tragacanth shows the fol- 
lowing percentages : 

Moisture 10 Ash 3 

Starch 3 Tragacanth 7C 

'swelling pan;) 

Cellulose 4 Araban 10 

(soluble part) 

Viscosity is the most important property in evaluating gum tragacanth. 
It is the most direct measure of the uniformity and qualify f the gum. To obtain 
maxium viscosity, the gnm is crushed and soaked overnight. The dispersion is 
then stirred lor 15-30 minutes. For powdered gums, it is best to disperse the 
gums in small amounts of ethanol or glycerol before the addition of water. Heat 
is not recommended for faster dissolution or increased viscosity. Viscosity is 
also decreased by adding acid, alkali, and NaCl. 


23, 29, 61, 70 
Addnl. Ref. 1 


Specification No.: 


JAN-O-96 


Fire and Explosion Hazard : 
Use in Pyrotechnics: 


combustible 
fuel ; bonding eger 


Solubility Data - Partly soluble ;x> water. Films cast from aqueous solutions of 23 
gum tragacanth are unaffected by organic solvents such as acetone, ethanol, 
CCL, xylene, and toluene. When painted with solutions of basic or neutral 
lead acetate, these films also become insoluble in water. 

Health Hazard: Nontoxic. Used in pharmaceutical compounding. J 29 

Safety Classifications : \ 

OSM : not listed 

ICC : not tinted 


Additional References: 

1) "Natural Plant Hydrocdloids,” Ind. & Eng. Chem., Eds., Advances ir 
Chemistry Series No. 11, American Chemical Society, Washington, D.C. 
(1951) 1 
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HI XACHLOROBENZENE, C„Q, 

( Perclilorobpnsene) 


Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color: 

Density, g./ir l. : 

Coefficient of Tin mal Expulsion . 

Heat of Formation, Kcal./mole at 25°C : 

Free Energy of Format ^n, KcaL/mole at 298°K : 
Entropy, cal./deg./mole at 298°K: 

Melting Point: 

Heat of Fusion: 

Boiling Point: 

transition Point, rhombic to triclinic: 

triclinic to cubic: 

Heat of Sublimation: 


JAN-K-257 

284.80 

monoclinic or rhombic 
prisms 
colorless 

(solid) 2.044 (rhomb.) 


± 0.8 

+ 3 ± '!.(» 

62.20 

500° K (227°C) 

599°K (S26°C) 

316.7 C K (4S.6°C) 
345° K (72°C) 


Heat Content or Enthalpy : 

Heat Capacity, cal./deg./moie at 2S8°K: (solid) 48.11 

Decomposition Temperature: For DTA sec Adds,;. Ref. 4 

Decomposition Products : 

Vapor Pressure: 


Press, ram. 

1 

10 

40 

100 

400 

760 

M.P. 

Temp. f C 

114.1 

166.4 

206.0 

235.5 

283.5 

309.4 

230 


X-Ray Crystallographic Data : 

System Space 

Group a b 

monoclinic Cf,, 8.07 3.84 

3.10 3.86 

Hvgroscopicity : 

Col ability Data. In water: 

In alcohol: 

In benzene: 

'n ether: 


Molecules/ 

c Axial Angle Unit Cell 

16.61 f} — 116° 52 2 

16.68 

insoluble 

insoluble cold, very 
oluble hot 
soluble hot 
very slightly soluble 


Health Hazard : May produce mild skin irritation on prolonged contact. OSM 
states that it presents no particular toxic hazard as used in Ordnance 
establishments. Severly toxic on ingestion or inhalation. 

M.A.C., mg./m." . 0.5 


T » 

1 

1 


Addnl., Ref. 1 
Addnl. Ref. 2 
Addnl. Ref. 2 
1 

1 

Addnl. Ref. 3 
76 


Addnl. Ref. 2 


1 


1 

85 

1 


29, 14, 93 
17 
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Hexachlorobenzene, C*CJ 8 (page 2) 


Safety Classifications : 

OSM: Inert and presents no particular fire hazard in Ordnance establish- 
ments. 

ICC : No shipping label required. 

Manufacturing Chemists Assn, requires a warning label. 

Fire and Explosion Hazard : Slight when exposed to heat or fame. Flash point 
468°F. Dangerous when heated to decomposition because of emission of 
highly toxic fumes. To fight fire use C0 2 , dry chemical, or carbon tetra- 
chloride. 


22 

12 


at of Combustion, at 20°C and 1 atm., Kcal./mole. 

(water liquid) : 509.0 

25°, l./g. (waver liquid) : 1995.3 

E; jetrostatic Sensitivity: 

Use in Pyrotechnic . ; as a color intensifier 

and chlorine donor in 
white smokes 


1 

Addnl. Ref. 1 


17 


Additional References: 

1) “Heats of Combustion of Some Organic Compounds Containing Chlo- 
rine,” hr. C. Sinke an a D. R. Stull, J. Phys. Chem. 62, 397 (1958) 

2) “The Heat Capacities of Kexachlorobenzene and Pentachlorophcnol 
from 15° to 300°K,” D. L. Hildenbrand et al., J. Phys. Chem. 62, 958 
(195”) 

3) "The Vapor Pressures, Latent Heat" of Sublimation and Transition 
Points of Solid Hexachloroethane,” K. J. Ivir and F. S. Dainton, Trans. 
Faraday Soc. AS, 32 (1947) 

4) “Prc-Igiiit'OTi and Ignition Reactions of the Pyrotechnic System Zn - 
CjCl 9 - KC10 4 ,” S. Gordon and C, Campbell, Reinh^'d Publishing Com- 
pany, New York (1955) 
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hexachloroethane, cci,cci 8 

( Cm jts, Hcxcehloride, Perdiloifthaw Carbon Trichloride) 


Refs. 

1, 12 


Specification No.: JAN-H-235 

The spec, covers one grade and two Ciusa«s : class a, unground, and class b, 
ground. 

Molecular Weight: 

Crystalline Form: 

Color: 

Density, g./ml: 

Coefficient of Thermal Expansion : 

Kent of Formation, Kcal./mole at 298°K : 

Free Energy of Formation, Kcai./mole at 298°K : 

Entropy, cal./deg./mole at 298°X : 91.97 

See table below 

Melting Point: (sublimes) 

186.6°K (~86.G°C) 


226.76 

rhombic, tablets from 
alcohol or ether 
rhombic, triclinic or cubic 

colorless to 
yellowish-white 
(solid) .091 

(gas) -48 


Heat of Fusion, Kcal./mole : 
Boiling Point: 

Heat of Vaporization, cal./g.: 
Transition Point: 


(sublimes) 

467.5°K (184.4°C) 
approx. 4d 
sublimes at 
467.6°K (184.6°C) 
rhombic —♦trie! inic 
43.6°K (-229.5°C) 
t. iclinic— *cubic 
72°K (-201°C) 


Heat of Sublimation, Kcal./mole: 12.2 

Heat Content or Enthalpy: 

See table below 

Heat Capacity, ca!./deg\/mole: (solid) 41 

See table below 


1 

12 

1 

1 

9 


Adinl. Ref. 3 


12 

9 

52 V 1 
9 


9 


ENTROPY, ENTHALPY, AND HEAT CAPACITY 


Temp. Entropy Enthalpy Heat Capacity 

°K cel./deg./rrole cal./mole cal./deg./mo!e 

273.16 .... 91.97 0 31.52 

300 94.98 862 82.74 

500 113.23 8062 38.32 

800 132.02 20080 41.31 

1000 141.33 28430 42.13 

1200 149.06 36810 42.59 

1500 158.061 49750 42.98 


Addnl. Ref. 


3 
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Hexachloroethane CClj • C.C1, (page 2) 

Heat Capacity equation for the range 0-1200°C: 

Cg = a-fb(t)-f „ vc 2 )+d(t«) (t=:°K) 

a = 31.820 ; b X 10 s = 3.6396 ; c X 10“ = 4.2031 ; d X 10* == 1.6198 
Decomposition Temperature : For DTA and TGA see Ref. 33 

Decomposition Products: Heated in a stream of air at about 550-600°C it is 
completely converted to CjCU and CC1 4 . 

Vapor Pressure: 


Press, mm. 

1 

10 

40 

100 

400 

760 

M.P. 

Temp. °C 

31.7 

73.5 

102.3 

124.2 

168.8 

185.6 

186.6 


X-Ray Crystallographic Data : 
System Space Group 
rhomb. V£* 1 

cubic 

Hygroscopicity : 

Solubility Data: In water: 

In benzene, chloroform, oils : 
In alcohol and ether : 


Molecules/Unit Cell 
4 
2 


Solubility Data: In water: insoluble 

In benzene, chloroform, oils : soluble 

In alcohol and ether : very soluble 

Health Hazard : May be moderately irritating to the skin and mucous mem- 
branes. In high concentrations it has a narcotic effect, and may damage 
the liver and kidneys. MLD, i.v. (in dogs) 325 mg./kg. Has an odor similar 
to that of camphor. Moderately toxic locally, on ingestion, and inhalation. 

Safety Classifications: 

OSM : Substantially inert and presents no particular fire or toxic hazard 
as used in Ordnance establishments. 

Fire and Explosion Hazards : Relatively inert, but when heated to decomposi- 
tion it emits highly toxic fumes of chlorides. D Aalogenation by heating 
with alkalies and nutals, produces explosive ehloracetylenea. 
Nonflammable 

Electrostatic Sensitivity : 

Heat of Combustion, Kcal./mole at 20°C and 1 atm. : AO.O 
Triple Point, °C : 186.0 

Use in Pyrotechnics : as a chlorine carrier 

for screening smoke 
compositions 


12,29,93 


50V3, 54VS 


Additional References: 

1) E. II. Wibenga, Zeit. anorg. Chem. £25, 33 (1935) 

2) X. J. Ivin ard F. S. Dainton, Trans. Faraday Soc. 4$, 32 (194/) 

3) “Therraodata for Petrobum Chemicals,” K. A. Kobe and R. H. Harri- 
son, Petrol. Refiner 36, 155 (1957) 



INDANTHRENE GOLDEN YELLOW G.K. ispec. name) 
(HVT Golden Yellow; Indanthrene Golden Yellow GKAC; 
dibenzo(a,h) pyrerae-7 v 14-dione; 3,4,8,9^ibena>pmne'7,14>di w ; 
listed in the Ring Index as No. 3654, 

CX 59100, CX Vat Yellow 4) 


Structural Formula: 


C 2< H 12 0 


2 



Refs. 
90, 48A 

84 


Specification No.: 
Molecular Weight 
Crystalline Form : 
Color: 

Melting Point: 


MIL-D-50029 

332.3 


golden yellow 
658°K <385°C) 


Solubility Data: I: ilute NaOH, H 2 S0 4 , quinoline, nitrobenzene, xylene, 
tetrahydronaphthalcne: soluble 

In acetone, benzene, chloroform, pyridine, toluene : 

slightly soluble 

Health Hazard : Some deity as indicated by the spec, requirement that “Each 
container shall be conspicuously labeled : CAUTION — Avoid skin contact ; 
use with adequate ventilation !” 


Use in Pyrotechnics: 


to color smoke mixtures 
yellow 


88V'* II 
88V7II 

38V7 II, 
43A 



f 

'( 

1 


! 

j< 

4 

5 

! 

i 

t 



| 


I 


1 


i 
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KEROSENE 

(Ke «* ine, Coal Oil, Lamp OH, hue! Oil No. 1) 


Refs. 
1, 11, 16 


Kerr-ene is a variab 5 - mixture of petroleum hydrocarbons, chiefly of the 
methane series, 10 to 16 ^ <x>ms of carbon per molecule. 

kerosene .s the light oily liquid obtained in the fractionation of petroleum. 
If is the fraction which is obtained by the overhead distillation of crude petro- 
leum in the 174° and 38i •’ range. It contains hydrocarbons in the range C 10 H M 
to Some commercial kerosenes may include d-' -tillates up to 325°C and 

a specific gravity as high as 0.850. In Pennsylvania, kerosene is defined as hav- 
ing a flach point alnve 114°F, ,/ith not over 10% distillable at 175° and not 
over 46% up to 200°C. A typical analysis of the ke. iene from a midcontinent 
crude includes n-dodecane, f alkyl derivatives of benzene, naphthalene, 1- and 
2-methyi-5, 6, 7, 8-tetrahydronaphthalene. 

'•’he fraction obtained by distillation is decolorized by washing with fuming 
H 2 S0 4 , followed by treatment nth sodium plumbite solution and sulfur (Doctor 
sweetening) . 


i2, 16, 29, 53 


29 


Specification No.: 

Normal Color and Form : 

Density, g./ml.: 

Coefficient of Thermal Expansion : 
Melting Point, 

Boiling Point, °F: 

Decomposition Temperature : 
Decomposition Product- : 

Solubility Data; In water: 

Vith other petroleum solvents: 


W-K-211C 

pale yellow to white oily 
liquid 

(liquid) at 60°F, 0.819 
-76 

410-672 


1 

1 

14 

14 


insoluble 

miscible 


29 


Health Hazard: Toxic when ingested or inhaled ; causes local irritation, drowsi 
ness, collapse and coma, end may damage %e heart, liver, and kidneys. 


12,29 


Safety Classifications: 

Underwriters Laboratory Classification: 40 

OSM : flammable liquid 

ICC : not listed 

U.N. : inflammable liquid 

The ICC does not classify kerosene as a flammable liquid because the. flash 
point is above the maximum for this classification. 


12 


151 


1 


r : ." 


fa w m ii (page 2) 

Fire and Explosion Has-ard: Igtus A .?s when exposed to heat or flame. Can also 
explode in air. To fight fire use foam, €0 Sj dry chemical, CC1 4 . 

Flash point: 100-1 65° F 

Autoignition temperatm -• 490 °F 

:>5°c 

Explosive limits ( % by vol. in air) : 1.16-6.0 

Explosive limits in closed vessel : 0.7-5 

M.A.C., parts per million in air for an 8 hr. day : 500 

Heat of Combustion (for kerosene with sp. gr 0.819) 

cal./g. : 11,006 

Use in Pyrotechnics: To prevent dust' g in Green Smoke composition I and in 
Violet Smoke composition II. See specifications MlL-STD-516 and 522. 


71 

26,76 


i 

i 


I 


( 

\ 


! 

1 


i 


i 



LACTOSE, C l4 H M O u • H a O (monohydrate) 

(Milk Sugar, Sugar of Milk, Laetobiose, 

D— Glucose 4— (j8— D-galactoaide), 

D— Glucose 4— (£— D-galaetopuranoeide), 

4— ( ^-D— galactosyl ) — D— glucose, 

4— ( P— D— galactopyranosyl ) —D— glucose ) 

Chemical Structure : Lactose consists of a glucose unit linked to a galactose unit. 
Because the glucose unit may be in the form of a lactol ring, a and p forms 
are possible. The two forms can be represented as follows: 

CB4H H OB 



Refs. 

Addnl. Ref. 1 


The second formula differs from the first only in that the second glucose 
ring has been turned through an angle of 180°. The glucose rings may also have 
the aldehyde structure. Both forms show mutarotation [«]§, = + 52.3. 

The usual form is the a. By crystallizing solutions of the a form above 


93.5°C, the ,8 form is obtained. 

Specification No. : 

MIL-L-13761 

Molecular Weight : 

380.31 

Crystalline Form: 

rhombic 

Color: 

colorless 

Density, g./ml. : 

1.623- 

Coefficient of Thermal Expansion : 

Heat of Formation, cal./mole at 298°K : 

<r-lactose*H,0 

-692,900 

fi-i actose 

-633,800 

Free Energy of Formation, cal./mole at 298°K : 

a-l&ctose’HjO 

-418,200 

,8-lactose 

-873,700 

Entropy, cal./deg./mole at 298°K : 

<r4actose*H*0 

99.1 

/3-lactoee 

92.3 


Melting Point: 274.7' , K (201.6°C) for the anhydrous material when rapidly 
heated. The monohydrate when heated loses water and becomes anhydrous 
at 120°C. 


1 

1 

1 


Addnl. Ref. 2 


Addnl. Ref. 2 


Addnl. Ref. 2 
1,29 
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Lactose (page 2) 

Heat of Fusion: 

Boiling Point: 

decomposes 



Transition Point: 

366.6°K (93.5°C) 


Addnl. Ref. 3 

Heat of Transition, cal./g. : --anhydride to p, + 1.0 

Heat of Combustion, anhydrous, Kg.cal./mol« (H,0 liquid) at 20° 

Addnl. Ref. 3 

and 1 ttm. : 

1350.8 

MCLAL HEAT CAPACITY 


1 

T, °K Cp, cal. 

T, °K C p , cal. T, °K 

C„cai. 

K° 

K° 

K 

O 


--LACTOSE MONOHYDRATE 
(wt. of sample in vacuo, 88.517 g.) 


61.33 

21.98 

148.30 

54.80 

239.02 

85.49 

65.15 

23.63 

156.90 

57.62 

246.02 

87.94 

69.70 

25.49 

164.04 

59.95 

252.92 

90.65 

76.00 

27.71 

171.85 

62.61 

257.99 

92.06 

81.74 

30.37 

180.61 

65.50 

261.72 

93.30 

86.85 

32.48 

187.39 

68.53 

268.21 

96.65 

91.73 

34.64 

195.39 

70.63 

274.33 

97.14 

96.55 

33.12 

204.15 

73.70 

279.56 

99.26 

103.74 

38.63 

213.01 

76.21 

284.21 

100.74 

109.42 

40.61 

214.48 

77.22 

289.17 

102.57 

115.57 

42.97 

219.77 

79.07 

292.91 

103.59 

122.23 

45.58 

222.39 

79.93 

293.35 

104.10 

129.51 

48.12 

227.86 

81.62 

297.42 

105.06 

140.75 

52.11 

231.69 

82.65 





0-LACTOSE 




(w 

t. of sample in vacuo, 113.11 g.) 


65.51 

22.14 

138.72 

47.70 

1 217.62 

73.62 

72.89 

25.03 

149.22 

50.86 

225.97 

75.81 

78.88 

27.29 

157.75 

53.80 

235.29 

78.62 

87.84 

30.58 

164.86 

56.28 

243.97 

81.35 

95.54 

33.19 

173.35 

58.90 

252.86 

84.53 

104.61 

36.22 

183.05 

61.23 

262.76 

86.95 

114.32 

39.58 

190.47 

63.68 

270.93 

89.60 

121.77 

42.02 

201.24 

67.43 

280.11 

92.89 

129.98 

44.61 

208.73 

69.97 

289.44 

95.56 


Decomposition Temperature: 

Decomposition Products: 

Vapor Pressure: decomposes 

X-Ray Crystallographic Data : monoclinic system 
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Lactose (page 3) 

Hygroscopicity : 

Equilibrium Relative Humidity, % at 26 0 : 98.3 

Solubility Data : In cold water : 17 g./lOO ml. : 

In hot water: 40g./100ml.: 

In alcohol: very slightly soluble 

In chloroform and etl.tr : insoluble 


SOLUBILI^v tN WATER 


Temp. 

°C 

Initial Solubility 
a p 

Final 

Solubility 

Super 

Solubility 

0 

5.0 

45.1 

11.9 

25 

25 

12.6 

— 

21.6 

60 

39 

— 

— 

31.5 

74 

74 

34.4 

— 

86.2 


89 

55.7 

— 

139.2 


100 

— 

94.7 

— 



Health Hazard : nontoxic 

used ir infant feeding 

Safety Classifications: 

OSM: not listed 

ICC : not listed 


Fire and Explosion Hazard (dust ignited electrically in the presence of air) : 


Concn. 

Max. Press. 

Ave. Rate of 

Max. Rate of 

mg./l. 

lbs./sq. in. 

Press. Rise 
lbs./sq. in./sec. 

Press. Rise 
lbs./sq. in./sec. 

100 

12 

89 

177 

500 

22 

32 

168 


Electrostatic Sensitivity: 

Apparent Dissociation Constants : 

First constant, literature values : 
Second constant, literature values : 
Third constant: 

Fourth constant: 

Use in Pyrotechnics: 


0.76-1.06 X 10-« 
3.0-3.6 X 1C 14 
1.7 X 10 14 
1.6 X lfr 14 

fuel, retardant, and in 
smoke mixtures 


Addnl. Ref. 5 
1 

Addnl. Ref . 4 


29,93 

86 


Addnl. Ref. 4 
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Lactose (page 4) 

Additional r eferences : 

1) “Orjfa^ c Chemistry/' G. Kill and L. Kelley, The Blakiston Company, 
Philadely lia, Pa. (1943) 

2) “Heat Capacities ol Three Disacsharides,” A. And ’•son and G, Steg- 
ma , J. Am. Chem. Soc. $8 , 21 a~ (1941) 

$) J. Am. Chem. Soc. SO, 960-967 (330£) 

4) “Lactose and Its Utilization, A Review,'’ iO. O. Whittier, J. Dairy 
Sderce, £7, 605 (1944) 

6) CJV. 51, 17846 (1957) 
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LAMMAC 4116 


Reft. 


Laminae 4116, a proprietary product manufactured bp American Cyanamid 
Co., is a polyester with monomeric styrene that effects cros ’inklog on curing. 
It is used as a bonding agent and for this purpose it is treated sr.tfi a catalyst 
to effect '-uring. 

The following data are from the technical] data ufcecfc on Lamirac Polyeater 
Resins of the Plastics and Resins Division of Aramcsn Cyan amid Co, 


Color 

Specific Gravity at 77° F: 


dear, light straw 

1.10 ± 0.02 


Viscosity at 77°F< 

Gardner Koldt scale M-0 

Brookfield, poises 4-S 

(Brookfield Modd RVF, spindd #1, 20 R.P.M.) 


Caring Characteristics: 

Geltime at 80°C, 100 g. sample, 0.5% benzoyl 


ptroxide, min. : 17-20 

SFL gel timt, min. : 4^-8 

SPI time to peak temp., min. : 7*&-9 

SPI peak exotherm, °F: 880-360 


(SPI — - Society of Plastic Industries Test Method) 


The coring of Laminae 4116 is greatly speeded by addirg curing agents. 
The erring is done either at room temperature or by heating. Room temperature 
curing agents are meihyleihylketone peroxide and cobalt naphthenate, or ben- 
zoyl peroxide and Laminae Promoter 400. 


GEL TIMES AT 77°F 

(Methylethylketone peroxide (60% solution) as the catalyst) 

% Cobalt Nyphthenate Gel time 

% catalyst 6% Cobalt metal (minutes) 


0.5 

0.0 

200-220 

0.5 

0.2 

130-150 

1.0 

0.1 

50-70 

2.0 

0.0 

40-50 

2.0 

0.2 

10-15 


GEL TIMES AT TP>F 

(Benzoyl peroxide (50% paste) as the catalyst) 


% catalyst 

% Cobalt Naphthenate 

6% Cobalt metal 

Gel time 
(minutes) 

1.0 

1.0 

“ IsicITiioH 

2.0 

2.0 

50-70 

4.0 

4.0 

5-10 
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Laminae 4116 (page 2) 

Heat Cure : Because of the low reactivity of Laminae 4116, its cure may not be 
complete w ith room temperature catalysts, and heat may be r^uired to 
complete the cure. Benzoyl peroxide alone may be used to cure 4116 at 
elevated temperatures. Using Q.5~1.0%, cure cycles may be less than 1 
minute at 260°F for a section 1/16 in. thick to 10-12 minutes for thicker 
sections at 206 °F 

Safety Classifications : 

OSM. 

ICC: 

Decomposition Temperature: 

For TGA see Adds!. Ref. 6 

Decomposition Products: 

Hygroscopicity (gain in mg./g. after exposure, at R.T. in [static and vacuum 
desiccators) : 

laminae 4116 Catalyzed with Lupersoi DDM and Nuodex: 32 


Time 

65% K.F. 

75% R.H. 

86% R.H. 

93% R.H. 

(days) 

Scat. Vac. 

Stat. Vac. 

Stat. Vac. 

Stat. Vac. 

1 

3.0 1.5 

5.2 3.5 

6.5 <.l 

3.5 3.0 

7 

5 0 2.5 

3.7 4.0 

4.7 

7.2 2.5 

36 


0.3 

1.0 2.0 

1.6 


Storage life of Laminae Resins with and without Catalyst and Accelerator: Addnl. Ref. 1 

Uncatalyzed With cobalt, but With 0.004% cobalt 
Temp. °C (minimum) uncatalyzed (minimum) and 0.5% Lupersoi DDM 

days days hours 

25 90 90 3.5 -4.0 

52 13-21 18-21 

As manufactured. Laminae resin contains 0.04% cobalt, as metal. 

Additional References: 

1) “Casting with Laminae Resins.” Plastics and Resins Div., American 
Cyanamid Co., Wallingford, Conn., cited by Ref. 73 

2) For exotherm cures of Laminae 4116 with varying amounts of Lupersoi 
DDM and cobalt see Ref. 73 

S) “The Kinetics of Thermal Degradatior of the Synthetic Styrcnated 
Polyester, Laminae 4116,” D. Anderson and E. Freeman, J. Appl. Poly- 
mer Sc. 1 , 192 (1959) 

4) “Characterization cf Saturated Polyesters by Differential Thermal 
Analysis,” D. Anderson and E. Freeman. Anal. Chem. SI, 1697 (1959) 

5) “Pre-ignition and Ignition Reactions of the Propagatively Reacting Sys- 
tem Magnecium-Sodium Nitrate Laminae,” V. Hogan and £. Gordon, 

Combustion and Flame s, No. 1, 3-12 (1959) 


class 2 

flammable liquid red label 
about 2W°C 
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LEAD CHROMATE, P*>00 4 

(Pale Chrome, Permanent Yellow, and Paris, Leipzig, 
King's, Cologne, or Lemon Yellow Chrome) 


Refs, 


1, 11, 12,29 


Percent Oxygen : 

Specification No.: 

Molecular Weight : 

Crystalline Form: 

Color : 

See also Ref. 64V11 
Density, g./ml.: 

Coefficient of Thermal Expansion: 

Heat of Formation, Kcal./mole at 298°K : 

Free Energy of Formatter . Kcal./mole at 298°K : 
Entropy, cal./deg./mole at 298°K : 

Melting Point : 

Heat of Fusion: 

Boiling Point: 


Transition Point, °K: 

Heat of Sublimation : 

Heat Content or Enthalpy: 


19.80 

JAN-L-488 

323.22 

monoclinic 

yellow or orange-yellow 
powder 

1 solid) 0,8 


(c)-217.7 

-203.6 

36.5 

1117°K (844°C) 
not available 

decomposes above its 
melting point and gives 
off oxygen 

(c) III j?8°(c) II 1056(c) I 


Heat Capacity, cal./deg./mole (between 292 ana 323°K) ? 

lest.) (solid) 29.x 

Decomposition Temperature, °C : approx. 904 

For DTA see Ref, 33 

Decomposition Products. Becomes reddish-brown at 250°C. At high temper- 
atures it fuses and finally evolves oxygen with the formation of Cr 2 0» and 
basic lead chromate. 


Vapor Pressure: 

X-Ray Cry -allographs Data: 

Mo'ccults/ 

System Space Group a b c Axial Angle. Unit Ceil 
monoclinic Q, 6.82 7.48 7.16 p = 102°33' 4 


1 

1 

1 

1 

9 

86 

86 

1 

7 

1, 54V11 

9 


4 

45 


52V? 


1 
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Lfc»d Chransatc, M)€fO( (pege 2) 

Hygmseopkity (opacification grade material, after £16 hra. at 90°F> 


E.H., % 

ivi 

70 

90 

83 

Gain, % 

0.01 

0.02 

0.09 



Solubility Dat x . In water at 26 C C : 
In acids & d alkali hydroxides : 
In acetic acid, ammonia : 

In hot water: 


.0000058 

soluble 

insoluble 

insoluble 


Health Hazard • Partakes of the poisonous nature of both lead and chromium 
salts. Corrosive action on ’•he akin, produces ulcers, and is associated with 
the formation of cancers. Produces anemia. Because of its low solubility, 
its toxicitv is less than most other lead salt-. 

M.A.C., mg./m.* 0.1 

Safety Classifications : 

OSM : Class 2, when not packed or stored in original shipping container. 

Fire and Explosion Hazard: Moderate by chemical reaction with reducing 
agents. Dangerous when heated, ?.* it emits highly toxic fumes of lead. 

Electrcb tic Sensitivity: 

Use in Pyrotechnics : As an oxidizing agent. Used in nonysseoua powders 


LEAD OXIDE, PbO 

(Litharge, Massicot, Plumbous Oxide, Lead Protoxide, 

Lend Monoxide, Lead Oxide Yellow) 

Massicot refers to the unfueed oxide and litharge, to the fused. Modern 
usage tends to the use of litharge for all varieties of PbO, 


Refs. 

1,29 


Specification No. (litharge, dry) : 

Molecular Weight: 

Crystalline Form (litharge) : 

(massicot) : 

Color : 

For the effect of temp. See Ref. 52V7 
Density, g./ml.: 

Coefficient of Thermal Exp-jision, cubic : 

Heat of Formation, Kcal./mole, at 298° K : 

See Tables a, b, c 

Free Energy Formation, Kcal./mole at 298°K : 
See Tables a, b, c, and equations 


223-21 

tetragonal — stable 
at R.T. 

rhombic — stable, 
300°CtoM.P, 

yellow 

( polid ) a litharge, 9.68 
0 massicot, 8.0 

7.95 XF 4 

red (c) -52.40 
yellow (c) -52.07 

red (cl -46.25 
yellow (c) -45.05 


1,8,3 


a. HEAT AND FREE ENERGY OF FORMATION OF 
PbO (red, yellow) 

T, °K A H (cal./mole) A F° (cal./mole) 


298.16 . . 

-52,450 (± 400) 

-45,250 (± 150) 

400 .. . 

-52,250 

-42,850 

500 .. . 

-52,050 

-40,500 

60C ... 

-51,800 

-38,200 

600.5 . 

-51,800 

-38,200 

eoo.5 . . 

-53,050 

-38 100 

700 .. . 

-52,800 

-35,750 

762 ... 

-62,600 

-34,250 

762 ... 

-52,350 

-84,250 

Phase Changes of Metal 


M.P., 800.5°K ; A H — 1225 cal./g.-atom 


Lead Oxide, flit (page 2) 


b. REAT AND FREE ENERGY OF FORMATION OF 

PbO (yellow, 1, g ) 

t+k 

A H (cal./moie) 

A F° (cal./mole) 

“258.16 .... 

-52,050 (±300) 

-45,050 (±150) 

400 

-51,900 

-42,700 

500 ..... 

-51,750 

-40,400 

300 ..... 

-51,550 

-38,160 

600.5 . . . 

-51,550 

-38,160 

600.6 .... 

-52,800 

. 8,150 

700 

-52.5C0 

-05,750 

800 

-52,200 

-33,350 

900 

-51,850 

-31,000 

1000 

-61,450 

-28,750 

1100 

-51,000 

-26,450 

1169 

-50,700 

-25,150 

1159 

-47,900 

-25.150 

1200 ..... 

-47,700 

-24,400 

1SG0 

-47,250 

-22,450 

1400 

-46,750 

-20,550 

1600 

-46,250 

-18,700 

1600 

-46,750 

-16,850 

1700 

-45,300 

-15,100 

1745 

-45,100 

-14,300 

1745 

+5,700 

-14,300 


Phase Changes of Metal 
M.P., 800.6°K ;iH= 1225 c&i./g.-atom 

c. HEAT AND FREE ENERGY OF FORMATION OF PbO(g) 


T, °K 

A H (cal./mole) 

A F° (cal./mole) 

2§§46 .... 

+10,100 (±iiooT 

+5000 (±1500) 

400 ..... 

+9900 

+3200 

500 

+9700 

+1600 

600 

+9500 

0 

600.6 .... 

+ 9500 

0 

600.6 .... 

+8300 

0 

700 

+8000 

-1400 

800 

+7800 

-2700 

900 

+7600 

-4000 

1000 

+7400 

-6300 

1100 

+7200 

-6690 

1200 

+7000 

-7800 

1300 ..... 

+6700 

-9000 

1400 

+6500 

-10,300 

1600 

+6300 

-11,400 

1600 

+6000 

-12,600 

1700 ..... 

-(-5800 

-13,800 

1800 

+5600 

-16,000 

• 1900 

+33C9 

-16,100 

2000 

+5100 

-17,200 


Phase Changes of Metal 

,y M.P., 000.6°K ; A H = 1‘225 cal. /g, atom 

Source of Data: Heat of formation at 1745°K derived from .eat of forma- 
tion and heat of vaporization of PbO (!) (see Table b) 
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Lead (Hide, Pbi (page 8) 

Free Energy Equation) : 

Reaction 

1) Pb <c) + VgOi g) =PLO (rtsd) 

A F§ = - 52.800 - 2.76T log - .80 

Pb (i) 4- i/aO (g) — PbO ( red) 


2 ) 

8 ) 

4) 

5) 

6 ) 
7 ) 


A Eg 


Range of Validity, °K 
298.16-600.5 
-.10 (10 8, T>) -f 32.49T 

800.5-762 


58,780 - .51T lo;t T - 1.75 (10 *T 2 ) - .10 (1C C T ») + 28.44T 

Pb (e) -f Yz Oi (g) = PbO (yellow) 298.16-600.5 

4F? » - 52,040 + .81T log T - 2.00 (10 *T a ) -.10 (lO 8 ! 1 - 1 ) + 22.13T 

Pb (1) -f y* Os (g) = PbO (yellow) 600.5-1159 

A Fg — - - 53,200 -f- 3.06T logT -2.95 tlO*T 1 ) -.10 (ICT*) + 18.08T 

Pb (1) -f- Yz O s (g) = PbO (1) 1159-1745 

A Fg — - 53,980 - 12.94T log T 4- .25 (10 *T 2 ) -.10 {10*T ») + 64.22T 

Pb <e) + V* 0 2 (g) = Pb (c) f Yi 0-) < g) 298.16-600.5 

A Fg = + 10,270 + 1.9 IT log T + 1.08 (10-*T*> -y .295 (10 8 T- 1 ) • 2S.21T 

Pb (1) + Yz 0 2 (g) = PbO (g) 600.5-2000 

A Fg = + 9300 + 4.17T logT + .13 (lO^T 5 ) -f 2.95 (10“T *) -27.29T 


Entropy, ca!./deg./mole at 298°K : (red) 

(yellow) 

See Tables d e, f ; also Addnl. Ref. 2 
Melting Point - . 

Heat of Fusion, cal./mole at 298°K : 
Boiling Point: 

Heat of Vaporization, Kcal./mnle : 
Transition Point (from red to yellow) 

Heat of Transition, cal./mole: 

See also Addnl. Ref. 2 

Heat of Sublimation : 


15.9 

16.6 

1159°K (SSO^C) 
2800 

174d l K V 1472°€) 
51 

762°K (489°C) 
290 


HEAT CONTENT AND ENTROPY OF PbO (yjllow, 1) 
(Base, crystals at 298.15°K) 


2 

S 


2,9 

2.9 

2.8.9 
9 

9 

2 


T, °K 

Hr - H-U815 
cal. /mole 

St - Sjsh.is 
cal. /deg. 
mcfe 

T, C K 

H t — lljsg.is 
cai./mole 

3-,- - S?*!,. is 

cal/deg 

mole 

400 .. . 

1150 

3.32 

1100 . . . . 

10,800 

16.90 

500 ... 

. . 2340 

5.97 

1159 (c) . . 

11,720 

17.72 

600 .. . 

3600 

8.26 

1159 (1) . . 

18.720 

23 .76 

700 .. . 

4920 

10.30 

1200 .... 

19,380 

24.32 

800 ... 

6310 

12.15 

1300 .... 

20,980 

25.60 

900 .. . 

7760 

13.88 

1400 .... 

22,580 

26.79 

1000 . . . 

9260 

15.44 

1500 .... 

24,180 

27.89 


PbO (yellow) 

Enthalpy: H T -H„ 3 .,»= 9.05T -f 8.20 X lO ’T 2 - 2983 ( 0.2 percent; 298- 1159°K) 
Heat Capacity : C,, — 9.05 -f 6.40 X 10 8 T ; A Ki ls » ('usion) = 7000 

PbO (1) 

Enthalpy: H T -H OT .,»- 16.00T + 180 (0.1 percent;1159- 15c0°F) 


163 


Le*d Oxide, PbO (pige 4) 

e. HEAT CONTENT AND ENTROPY OF PbO (red) 

(Base, crystals at 298.15°K) 

4 

T, °K H T ~H ws . l5 St-Sjm.,* 

cai./raole cal./deg. 

mole 

T, °K Ht — Hjim.15 St — SgM.lB 

cal./raole cal./deg. 

mole 

400 1220 3.52 

500 2460 6.28 

600 3740 8,62 

700 5060 10.65 

800 6420 12.46 

900 7820 14.11 

PbO (red) : 

Enthalpy : H*- H„,. = 10.60T + 2.00 X 10 *T S - 3338 (0.1 percent ; 298-000°K) 
Heat Capacity: C,= 10.60 + 4.00 X 10'*T 

f. HEAT CONTENT AND ENTROPY OF PbO (g) 

(Base, crystals at 298.15°K) 

i 

4 


T, °K 

Ht - Hjtg, 15 

cal. /mole 

St - Sms. it 

cal./deg. 

mole 

T, °K 

Ht - H 29 s. 1 t 
cal./mole 

St — Sags, is 
cal./deg. 
mole 

400 

810 

2.34 

1000 

5950 

10.14 

500 .... 

1635 

4.13 

1200 

7710 

11.75 

600 

2480 

5.72 

1400 . . . . . 

9480 

13.11 

700 

3340 

7.04 

1800 

11,250 

14.29 

800 

4205 

8.20 

1800 

13,030 

15.34 

900 

5075 

9.22 

2000 

14,810 

16.28 



PbO (g) : 




Enthalpy : H T - H*,,^ = 8.57T + 0.12 X 10*T* + 0.79 X 10 'T 1 

-2831 


(0.2 percent ; 298-2000°K) 




Heat Capacity : C p 

= 8.57 + 0.24 X lO ’T - 0.79 X HPT-* 





PbO (c) : 




Heat Capacity : C p 

= 12.70 + 7.80 x 10 *T (est.) (298-lOOO^K) 





Pb>0«(c) : 




Heat Capacity : C„ 

= 35.14 (298°K) 






PbjO*(c) : 




Heat Capacity : C p 

= 25.74 (298°K) 




See also Addnl. Ref. 2 





Heat Capacity, cal./deg./mole at 298 C K : 

(solid, yellow) 11.60 

4,9 




(liquid) 

16.00 


See also Addnl. Ref. 2 





Decomposition Temperature and Products : At 300-450°C, in air, it is converted 

29, Addnl. 

to Pb,0,, but at higher temperatures it is reconverted to PbO. 

Ref. 1 , 






54V7 

For I)TA see Ref 33 






L«ad Oxide, f*bO (p«ge 5) 
Vapor Pressu^: 


Press. mm. 


10 


40 


100 


400 


700 


LP. 


Temp. °C 


948 1086 1189 1266 1402 1472 890 


X-Ray Crystallographic Data ; 

System, S%nee Group a b e 

tetragonal (red) DJ h 8,98 — 4.01 

rhombic (yellow) Vj-* 5.60 4.72 5.88 

Hygroscopinity (Reiter's reagent grade, after equilibrium was established in a 
vacuum desiccator, grin in ing./g. at R. T.) 


Moleoules/Vnit Cell 
2 
4 


32 


R.H.% 

31 

48 

65 

75 

93 

Time of 

ExpOvSure 

24 hrs, equil. 

i 

24 hrs. equil. 

24 hrs. equil. 

24 hrs. equil. 

24 hrs. equil. 

Gain 

mg./g. 

1.8 2.6 

1*2 3.9 

i 

4.7 3.8 

i 

5.1 6.6 

7.4 7.5 


Critical R.H. at 25°: 99.2% 

Solubility Data: In water: .0017 g./ 100 g. at 20° 

In HNOj, alk. lead acetate, NH,G1, CaCl,, SrCl a , and warm solutions of 
fixed alkali hydroxides : soluble 

In alcohol: insoluble 

Health Hazard: More poisonous than metallic lead or most other lead com- 
pounds. Avoid breathing dust. Wear approved dust mask. Keep away from 
food or food products : 

M.A.C., mg./m.*: 0.2 

0.15 

Safety Classifications : 

OSM : not listed 

ICC : no shipping label required 

Fire and Explosion Hazard : Dangerous. When heated emits highly toxic fumes. 

Electrostatic Sensitivity : 

Use in Pyrotechnics: 


1 

29 

1 

12,29 


25 

14 


12 


Additional References : 

1) C.A 52,6998 (1958) 

2) “low Temperature Heat Capacities and Entropies at 298.15°K of Lead 
Sesquioxide and Red and Yellow Lead Monoxide,” E. G, King. J. Am. 
Chem. Soc. 80 , 2400 (1958) 
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LEAD OXIDE (LEAD TETROXIDE), Pb s 0 4 

(Minium, Red f^ead, Mineral Or«>ige, Mineral Red, 

Plnmbo, Puce, Orthoplum hate, Paris or Saturn Red) 

Percent Oxygen: 9.38 

Specification No.: TT-R-191b 

The specification covers red lead for use in paints. Type I is dry, and has 
three grades (85, 96, 97) indicating ttie minimum % content of Pb*0,. 
Type II paste in oil, grade 97. 

Molecular Weight : 685.63 

Crystalline Form : scales or amorphous 

powder 

Color: red 

When heated becomes redder, then violet and black; on cooli.ig again 
regains its scarlet red color. 

Density, g./ml.: (solid) 9.1 

Varies from 8.32 to 9.16 according to method of preparation. 

Coefficient of Thermal Expansion : 

Heat of Formation, Kcal./mole at 298°K: -175.8 

See table below 

Free Energy of Formation, Kcal./mole at 298°K : -147.6 

See table below 

HEAT AND FREE ENERGY OF FORMATION OF Pb,0 4 (c) 


T, °K 

A H (cal. /mole) 

A F° (eal./mole) 

298.16 .... 

-175,600 (±4000) 

-147,500 (± 4500) 

400 

-175,500 

-138,000 

500 

-175,000 

-129,000 

600 

-174,500 

-119,500 

600.5 .... 

-174,500 

-119,500 

600.6 .... 

-178,000 

-119,500 

700 

-177,500 

-110,000 

800 

-176,500 

-100,500 

900 

-175,000 

-91,0 

1000 

-173,500 

-81,6 0 


Phase Changes of Mete’ 

M.P., 600.5°K ;aH= 1226 caV/g. atom 
Free Energy Equations: 

Reaction Range of Validity, °K 

3Pb (c) +2 0, (g) = Pb»0 4 (c) 98.16-60. .5 

aF? =- 174,920 + 8.82TiogT- 3.20 (lb -T 2 ) - .40 (HPT" 1 ) + 72.78T 
3Pb fl) +20, (g) Pb,0 4 (c) 600.6-1000 

iFj — - 177,860 + 15.69TlogT- 11.06(1 »T*) - .40 U0T ‘) + 60.67T 
Entropy, cal./deg./mole at 298°K : 50.6 
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1) 

2 ) 


Refs. 
1, 11, 29 


1 

1 

5 m 

i 

54V7 

1, 8,9 
1,8,9 


3, 9, 24 


I 


Lead Oxide, ?b s 0 4 (page 2) 

Melting Point. 

See Decomposition Temperature 
Heat of P'uSion: 


decomposes at about 
?73°K (500°C) 


Boiling Point : 

Transition Foint: 290-320°C 390-420°C 530-550°C 

Pb0 2 < — Pb a Os « — Pb s 0 4 

PbO (yellow). 

Heat of Sublimation ; 


Heat Content or Enthalpy: — — 

Heat Capacity, cal./deg./mole at 2S8°K : (solid) 35.14 

Decomposition Temperature and Products. Heated in air above 450°C, it is 
converted to PbO. About 650°. 

Stable at 530°C. 

For TGA see Ref. 45 


Addnl. Ref. 2 


9 

29, Addnl. 

Ref. 1 
54V7 


Vapor Pressure: 



for Pb«Ot — 

~ PbO (yellow' + O a 


Press, mm. 

8.4 

3.04 

76.0 155 589 859 

1045 

Temp. °C 

444.8 

484.4 

511.2 53?.t» 558.3 600.7 

607 


or log to Pmm. — 7.8595T- 1 + 11.897ft 


X-Ray Crystallographic Data: 

System Space Group a c Molecules/ Unit. Cell 

tetragonal VJ 8.875 6.51 4 

Hygroscopicity (of reagent grade material after equilibrium was establishes 
in a vacuum desiccator) : 


R.H.% 

65 

75 

86 

£3 

Time of 
Exposure 

24 hrs. equil. 

24 hrs. equil. 

24 hrs. equil. 

24 hrs. equil. 

Gain, 

nig./g. 

0.5 0.9* 

0.2 0.1* 

0.4 0.4* 

0.8 0.6* 


•after one week 


Solubility Data ; In water and alcohol : insoluble 

In acetic acid, hot HC1 soluble 

Health Hazard : A cumulative poison that produces anemia and lesions of the 
kidneys, liver, nervous system, blood vessels, and other tissues. The speci- 
fication requires the following warning label: “Warning! Contains Lead 
Oxide Hazardous Dust. Avoid breathing dust and fumes. After handling 
or exposure do not eat or 3moke without washing thorough! ,', V re with 
adequate ventilation. Keep away from food or food products.” 

M.A.C., mp./m.': 0.2 

0.15 


54V7 


18 


32 


1 

29, 14 


:*,5 

14 


f 

i 
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Lead Oxide, Pb*0 4 (page 3) 

Safety Classifications : 

GSM : class 2 

ICC : oxidizing material 

yellow label 

Fire and Explosion Hazard: Dangerous because when it is heated it emits 
highly toxic fumes. It reacts with combustible and reducing agents. 

Electrostatic Sensitivity: — — 

Use in Pyrotechnics : as an oxidizer 

Additional References: 

1) C.A. 5t, 6998 (1958) 


12 


17 



LEAD PEROXIDE, FbO, 

(Lead Dioxide, Lead S‘ipert»xide, Brown L-at Oxide, Plattneriie) 


Pei cent Oxygen: 

Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color : 

Density, g./ml. : 

Coefficient of Thermal Expansion, linear : 

Heat of Formation, Keal./mole at 298°K : 

See table below 

Free Energy of Formation, Kcal./mole at 298°K : 
See table below 


lat.sp 

JAN-L-376 

239.21 

tetragonal 

brown 

(solid) 9.375 

(veguline at 20°C) 9,36 

0 057 X 10* 

(c)-66.12 


-52.34 






12, 29 


Addrl. Ref. 3 


54V7 

1.5 

1,9 


HEAT AND FREE ENERGY OF FORMATION OF PbO,(c) 


? 


T, °K 

A H (cal./mole) 

A F° (cal./mole) 



298.16 . . 

-66,100 (dt 1400) 

-52,300 (± 1200) 



400 .. . 

-65,900 

-47,700 



500 . . 

-65,700 

-48,100 



600 .. . 

-66,500 

38,600 



600.5 . . 

-65,500 

-38,600 



600.5 . . 

-86,700 

-38,600 



700 ., . 

-66,400 

34,000 



800 .. . 

-66,000 

-59,400 



900 .. . 

-65,500 

-24,800 



1000 . . . 

-65,000 

-20,300 



1100 . . . 

-64,400 

-15,900 




Phase Changes of Metal 





M.P., 600.5°K ; A H — 1225 csl./g.-atom 



Entropy, cal./deg./mcle at 298°K: 

18.3 * 0.5 

3,9 


Melting Point: 


decomposes 

1 


Heat of Fusion : 





Boiling Point: 





Transition Point 

See Lead Oxide (Lead Tetro-dde), Pb 3 0, 



Heat of Sublimation : 




Heat Content or 

Enthalpy : 




Heat Capacity, cal./deg./moleat 298°K : 

(solid) 15.4 

9 


Decomposition f emperature, °C : 

290 

1 
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Lead Peroxide, FLO* (page 3) 

Decomposition Products : Evolves oxygen when heated above S0Q°O, first form- 
ing PbsO«, and at high temperatures PfoO. 


Vapor Pressure: 

Dissociation Pressure at 17° G atm, : 7.1 X 10** 

X-Ray Crystallographic Data: 

System Space Group a, c Moleeules/Unit Cell 

tetragonal DJJ 4.97 3.40 2 

Hygroacopicity (reagent grade material after equilibrium was established in a 
vacuum desiccator at R.T.) : 


R.H.,% 

65 ’ 

75 

86 

93 

Time of 
Exposure 

24 hrs, equil. 

24 hrs. equil. 

] 

24 hrs. equil. 

24 hrs. equil. 

Gain, 

mg/g. 

! 

0.3 0.2* 

0.1 0.2 



0.2 0.2* 

0.4 0.6 

i j 

0.1 

0.3 .03 

i 

0.8 0.9 

0.3 0.0 


•after one week 


Solubility : In water and alcohol : insoluble 

Indil.HCl: soluble 

In acetic acid : slightly soluble 

Health Hazard : A cumulative poison. On ingestion or inhalation it produces 
anemia of the kidneys, liver, gonads, nervous system, blood vessels, and 
other tissues. 

M.A.C., mg./m.* : 0.2 

0.15 

Safety Classifications: 

OSM : Class 2 when not packed or stored in original containers or equivalent. 
ICC : oxidizing material ; 

yellow label 

Fire and Explosion Hazard : Dangerous because when heated to decomposition 
it emits highly toxic fumes of lead. It reacts with reducing material. 

Electrostatic Sensitivity: 

Changes under Heat and Oxygen Pressure: Under 200 atmospheres of oxygen, 
FbOa is unstable to 3S0-365°C, but then dissociates to form Pb 7 Oi. which 
b stable to 460-470°C when it passes into Pb 8 0,. 

Use in Fyrotechnics : as an oxidizer 


Additional References: 

1) “The Thermal Decomposition of Lead Dioxide in Air,” G. Butler and 
J . Copp, J. Chem. Soe., 725 ( 1956) 

2) "Structure end Equilibria of Lead Oxides.” _ee C.A. 1*2, 6G89 (1948) 
S) “The Electrical Conductivity and Some Other Properties of Reguline 

Lead Peroxide,” W. Pa'.maer, Z. Elektrochem 29, 415 (1923) ; C.A. 18. 
816 { 1924) 

4) “A New Oxide of Lead," C. Holterman end P. Lafitte, Cornpt. rend., 
£04,813 (1927) ;C.A.yi 5702 (1937 > 

5) C.A. 32, 6998 (1958) 


17V8. 29 
Add'.ii. 
Ref. 5 

54V7 

1 

32 


1 

12, 17V8 

25 

14 

12 

Addnl. Ref. 4 

17 
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LEAD SESQUIOXIDE 

(Lend (HI) Oxide, Lead (II, IV) Oxide, Lead Trioxide 
PlumLous Plumbate, Di-lead Triaxide) 


Formula : Pb 2 O g 

Pb 2 0 8 ; s generally considered to be lead met&plumbate (Pb0*Pb0 3 ) or a 
compound of PbO and Pb0 2 into which it is decomposed by acids. 

Percent Oxygen: 

Specification No.: 

Molecular Weight. : 

Crystalline Form : 


Color : 

Density : 

Coefficient of Thermal Expansion : 
Heat at Formation : 

Free Energy of Formation : 

Entropy, cal./deg./moie at 298.15°K: 
Melting Point : 


30.38 

none 

402.4? 

mono clinic or amorphous 
powder 

yellow tc reddish-yellow 


36.3 ± 0.7 

decomposes about 
643° K (370°C' 


Heat of Fusion : 

Boiiing Point : 

Transition Point: see Lead Oxide (Pb„0 4 ) 

Heat of Sublimation : 

Heat Content or Enthalpy : 

Heat, Capacity, cal./deg./niole at 298 C ’K: (solid) 25.74 


Decomposition Temperature: At 360-415°C it forms red lead with loss of O- 
At red heat yields PbO -f O. 

Decomposition Products: Converted in air at 370°C tc- Pb a O<. 

Vapor Pressure : 

X-Ray Crystallographic Data : 

Space Molecules / 

System Group a b c Axial Angle Unit Cell 
moioclinic C 2h 2 7.050 5.616 3.865 0 == 80°6' 2 

Hygroscopicity : 

Solubility Data: Insoluble in cold water, decomposes in hot. Decomposed by 
cone. HC1 or H 2 SO, with the liberation of Cl or 0 respectively. 


Refs. 

1,50 

52V7 


I 

1 


Addnl. Ref. 1 
1 


4, Addnl. 

Ref. 1 

54V7 

29 

18 


1 

29 
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Lestd Sesquioxide (page 2) 

’ealth Haxerd : A cumulative poipon when ingested, inhaled, or absorbed. 
M.A.C., mg./m.* : 0.2 

Safety Classifications: 

OSM : Not listed. Probably class 2 when not packed or stored in original 
shipping container or equivalent. 

ICC : not listed 

Fire and Explosion Hazard: 

Electrostatic Sensitivity : 

Use in Pyrotechnics: as an oxidizing r gent 

Additional References : 

1) "Lov. Temperature Heat Capacities and Entropies at 298.15°K of Lead 
Sesquioxide and Red and Yellow Lead Monoxide,” E. G. King, J. Am. 
Chem. Sue. 80 , 2400 (19o8) 


?.‘?J 


LINSEED OIL 

(Bung Oil, Bung Hole OH, Linum llsiiatissiniuin) 

Linseed oil is obtained by pressing the seeds of the flax plant. The com- 
mercial oil is hot pressed. When fresh, the oil is yellowish with a peculiar odor 
and a bland taste ; however, the hot pressed oil has a bitter taste. On exposure 
to the air, the oil slowly oxidizes, becoming darker, more viscous and acquires 
a stronger taste and odor. Boiled linseed oil is prepared by heating with metallic 
oxides, usually of lead or manganese (called driers). Such oil is 'ailed bung oil 
or bun" hole oil. The state law of Ohio define? linseed oil as prepared pure 
linseed oil heated to a temperature of 225°F, incorporating not more than 4% 
by weight of drier, and with a specific gravity it 60° F of not less than 0.935 
and not greater than 0.945. The oil dries in air with a glassy appearance and 
makes a hard yellowish film. The oxidized elastic solid is known as iinoxyn. 

Linseed oil is a mixture of glycerides of higher fatty acids, both saturated 
and unsaturated. Of these linoleic acid is about 48% and linolenic acid a* out 
34%. Glycerides of stearic, palmitic, and myristic acids are also present. Addnl. 
Ref. 3 gives the following fatty acid analysis : 0.2 my stic, 5.4 palmitic, 3.5 
stearic, 0.6 arachidic, 9.6 oleic, 42.6 linoleic, 38.1 linolenic. 


Specification ( for boiled linseed oil) 
(for raw linseed oil ) : 

Density, "./ml. : 

Solidification Point, °C: 

Boiling Point : 


Decomposition Temperature and Products : 
Hygroscopicity : 

Solubility Data: 

In alcohol: 

With chloroform, ether, petroleum ether, CS s , 
and oil of turpentine : 


TT -0-364 
TT-0-S69 

0.9S0--0.938 

-19*0-27 

616°K (343°C) 
588.7-K (215.6°C) 
(600°F) 


nonhygrosccpic 
slightly soluble 


miscible 


Health Hazards : Slight. Boiled limeed oil contains a small amount of manganese 
dioxide. Because of this, if it is splashed in the eyes, it will cause extreme 
irritation. When handling keep linseed oil away from fire or open flame. 
Store it in a seale-d container and away from oxidizing agents If linseed 
oil has been splashed into the eyes, wash the eyes in a solution of one part 
vinegar and four parts water by volume. Send the victim to a physician 
for examination and additional treatment. 

Safety Classifications: 

OSM : Not classified, hot listed as a flammable liquid. 

ICC: not listed 

Fire tad Explosion Hazard: Flammable and i-ar. ignite spontaneously. To fight 
tire use foam, CO s , dry chemical, or CC1«. 

Electrostatic Sensitivity: 


Rtfs. 


16, 29, 57 
Addnl. Pef. 3 


12 

17 

29 

12 


26, 67, 76 
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Lirnced Oil (page 2) 


Constants for Linseed Oil (raw) : 
Maumeng number : 

Aud value : 

Refractive index, in : 
Reichert- MmssI number : 
Uasaponiiled matter : 
Saponification value : 

Iodine value : 

Hehner’s nu r.ber : 


103-126 

3-3.5 

1.4737-1.4S02 

0.95 

0.4-1 .2 

183-195 

175-202 

94.5- -95.5 


Flash Point (closed cup) °F (literal e references ary) . 

(raw) from -ii: l to 468 

(boiled) from 378 to 403 

Autoignition Temperature, °F: 

Literature re.' ..r-ces give values ran "vng fret ; 650 to 820. 

Use in Pyrotechnics : as a binder, a retardant, 

and to reduce 
hygroscopieity 

Additional References: 


1) "The Chemical Constitution of Natural Fats,” P. Hilditeh, Louden 

(1956) 

2) "Vegetable Fats and Oils,” E. W. Fckey, P nhel u Pub. Corp.. New York 
(1954) 

3) "Fats anu Oils,” H. G. K . chenbauer, Reinhold Publishing Co., New 
York (1944; 


1 


12, k, 

26, 67, 71 
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LITHIFJM; Li 

Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color : 

Density, g./ml. : 

Coefficient of Thermal Expansion, iinear, 0-95° C : 

cubic, 0-178°C: 

Heat of Formation, Kcal./mole at 298°K : 

Free Energy of Formation, Kcal./mole at 298° K : 
Entropy, cal./deg./mole at 298°K : 

See Tables a, b and c 
Melting Point: 

Heat of Fusion, cal./mole: 

Boiling Point: 

Heat of Vaporization, cal./mole : 

Transition Point: 

Heat of Sublimation, cal./mole at 298°K: 

Heat Content or Enthalpy, cal./mole at 298°K : 

Set Tables a, b, and c 


8.940 

cubic 

sir, ery white, yellows on 
exposure to moist air 
(solid) 0.534 
56 X 10-* 

170 X 10-* 

(gas) 37.07 
(gas) 29.19 
(gas) 33.14 

726.8°K (453.70°C) 

722.8 

1604°K ( Jl°C) 

32,190 

(c.) II -+ 1 77°K (-196°C) 
(monatomic gas) 38,440 
(diatomic gas) 50,470 
(solid) 1092 
(diatomic gas) 2312 


a. HEAT CONTENT AND ENTROPY OF Li (c, 1) 
(Base, crystals at 298.15°K) 


Refs. 


1 

29 

1 

27 

1,5 

1,5 

1.5 

4.5 
5 

5 

5 

5, 41 

5 

5 


| T, °K 

t 

i 

Hr - Hjgg.is 

cal./mole 

St - S 2 & 8.15 
cal./deg. 
mole 

T, °K 

H t - Hnj.n 
cal./mole 

St - Sms.m 
cal./deg. 
mole 

| 350 

316 

0.97 

900 .. . 

4846 

9.08 

! 400 

630 

1.82 

1000 . . . 

6535 

9.80 

| 453.7 (c) . . 

1000 

2.68 

1100 . . . 

6225 

10.46 

! 453.7 (1) . . 

1715 

4.26 

1200 . . . 

6910 

11.06 

j 500 

2050 

4.96 

1300 . . . 

7595 

11.61 

600 

2765 

6.26 

1400 . . . 

8280 

12.12 

I 700 

3465 

7.34 

! 1500 . . . 

8960 

12.58 

s 800 

4155 

8.27 

1600 . . . . 

9645 

13.03 

1 


Li (c) : 




| Erthalpy : H T ~ 

■H*m.„=: 1.64T + 5.56 X i0*T J -0.84 X 10‘T 

>-701 (0.1 percent ; 298-458.7°K ) 

! Heat Capacity : 

C p — 1.64 + 11.10 x 10 3 T + 0.8-4 X 10 5 T 

4 ILm.t (fusion) 

— 715 
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lithium, LI (page 2) 




Li (1): 

Enthalpy; H T -H,ea.i*— (L78T-0.99 X 10 I »T- 1 - 1143 (0.1 percent; 463.7 - 160C°K) 
Heat Capacity : C, = 6.78 -f 0.99 x 10*T-» 


b. HEAT CONTENT AND ENTROPY OF Li (gy 
(Base, ideal gas at 298,15°K) 


T, °K 


400 . 
600 . 
600 . 
700 . 
800 . 
900 . 
1000 . 
1100 . 
1200 . 
1300 . 
1400 . 
16G0 . 
1600 . 
1700 . 
1800 . 


- Hjss.xs 

tl./mole 

Sr - Sjst.ii. 
cal./deg. 
mole 

T, 

606 

1.4S 

1900 

1005 

2.67 

2000 

1600 

3.48 

2200 

1995 

4.24 

2400 

2496 

4.90 

2600 

2990 

5,48 

2800 

3490 

6.01 

3000 

3985 

6.49 

3600 

4480 

6.92 

4000 

4980 

7.32 

4500 

5475 

7.69 

6000 

5975 

8.03 

6000 

6470 

8.85 

7000 

6966 

8.C5 

8000 

7465 

8.94 



Li (g) : 


Enthalpy 


H T -H m . s 


= 4.97V- 1482 (0.2 percent: 298-3000°K) 


H t - H2sa.u1 
cal./mole 


7960 

8460 

9460 

10,460 

11,470 

12,496 

13,526 

16,190 

19,010 

22,030 

25,316 

33,070 

43,240 

56,510 


4 


St - S 298 . 1 & 
cal. /deg. 
mole 

9~20 

9.46 

9.94 

10.37 

10.78 

11,16 

11.61 

12.33 

13.08 

13.80 

14.49 

15.90 

17.46 

19.23 


c, HEAT CONTENT AND ENTROPY OF Li, (g) : 
(Base, ideal gas at 298.15°K; mol. wt., 13.88) 


*■3 

0 

* 

Hf - iljSj lu 
cal ./mole 

St - L»g.ia 
cal./deg. 
mole 

T, °K 

Ht — Hjoa.m 
cal./mole 

Sr - Sstsa.in 
cal./deg. 
mole 

400 .. . 

890 

2.69 

1300 . . . 

9115 

18.30 

600 .. . 

1780 

4.57 

1400 . . . 

10,050 

14.00 

600 .. . 

2675 

6.20 

1500 . . . 

10,986 

14.64 

700 .. . 

3580 

7.61 

1600 . . . 

11,925 

15.25 

&IO . . . 

4490 

8.81 

1700 . . . 

12:866 

16.82 

soo . . . 

5410 

9.90 

1800 . . . 

1 3,815 

16.36 

1000 . . . 

6330 

10.87 

19C0 . . . 

14,770 

16.88 

1100 . . . 

7250 

11.74 

2000 . . . 

15,72-5 

17.37 

1200 . . . 

8160 

12.55 





■5 


I 


1 

i 


1 


! 

i 


* 

176 



4 

! 



lithium, Li (page 3) 

Li, <g) : 

Enthalpy: H t -H M6 . 18 = 8.93T + 0.16 X 10*T 5 -[-0.36 X 10 # T ‘ - 2797 
(0.1 percent; 298-2000°K) 

Heat Capacity : C„ = 8.98 + 0.82 X 10 *T - 0.36 X lOT* 

Heat Capacity, cal./deg./mole at 298°K: (solid) 5.91 

(gas, monatomic) 4.97 
(gas, diatomic) 8.62 

d. HEAT CAPACITY OF Li 

Solid 298-453.7°K 

Liquid 458.7~1604°R 

Gas (mon.) 1604-f 5 000°K 



T, °K 

C? (cal./deg./mole) 


238 

5,91 


400 

6.50 


500 

7.20 


600 

7.06 


900 

6.90 


1200 

6.87 


1600 

6.80 


1700 

4.97 


2000 

4.98 


2400 

5.08 


2800 

5.18 


3000 

5.21 


Decomposition Temperature : 
Decomposition Products: 
vr apor Pressure 


Press, mm. 

1 

10 

40 

100 

400 

760 

M.P. 

Temp. °C 

728 

S81 

1008 

1097 

1278 

Ii72 

186 


X-Ray Crystallographic Data: 

System Space Group a Atoms /Unit Cell 

cubic O* 3.502 2 

Hygroscopicity : Reacts with water; forms LiOH, evolves H t . 

Solubility Data : In water : forms LiOH, evolves H, 

I:x alcohol: decomposes 

in a 'ds: soluble, reacts and 

evolves H s 

In liquid NH, : soluble 

Health Hazard : Will burn i i contact with many substances, producing a caustic 
smoke which is toxic by inhalation. Dangerous when ingested or inhaled, 
and produces painful burn,, when in contact with the skin. 


< 


Lithium* Li (page 4) 

Safety Classifications: 

OSM- Not specifically listed: probably class 2 as a powdered metal. 

ICC : ilanunabk olid, yellow 

label 

Fire and Explosion Hazard: Dangerous explosive hazard when exposed to 
heat, flame, or by chemical reaction with water, acids or oxidizers. On 
burning, it emits toxic fumes of Li*0 and LiOH. It bu ms in air with a 
dazzling bright light. Keep the metal submerged in kerosene. Store and 
process only in rooms or buildings adequately vent-sd at the higheat point 
to prevent the accumulation of hydrogen gas which results from the reac- 
tion with, moisture. Suitable respiratory p rotective equipment and self- 
contained breathing apparatus should be usud where permissible concen- 
trations are likely to be exceeded. To fight fire, use special mixtures of dry 
chemicals, soda ash, or graphite. 

Autoignition Temperature, °F: 392 

Electrostatic Sensitivity: 

Use in Pyrotechnics: Burns with a brilliant crimson to carmine-red color. 


14, 12, 1C 


12 

1,29 


1"3 


LITHIUM NITRATE, UNO, 

Percent Oxygen: 69.82 

Specification No.: 

Molecular Weight: 68.95 

Crystalline Form: trigonal 

Color : colorless 

Density, g./ml. : (solid) 2.38 

(liquid) d — 1.924- .548 X 10 8 t°C (M.P. to 550°C) 
Coefficient of Thermal Expansion, at 254°C 
(molten) cubic: 

Heat of Formation, Kcal./mole at 298° K: 

Free Energy of Formation, Kcal./mole at 298.16°K 
Entropy, cal./deg./mole at 208.16°K : 

See table below 
Melting Point: 

Heat of Fusion, cal./mole. 

Boiling Point: 

Transition Point: 

Heat of Sublimation : 


about 3.15 X 10 * 
(c) -115,28 
-96.63 
38.4 

525°K (252°C) 
6120 

decomposes 


HE.iT CONTENT AND ENTROPY OF I iNO, (c, 1) 


Refs. 


1 

40V2 

44V20 

1,9 

86 

86 

4 

4 



(Base, 

crystals at 298.15°K) 



T, °K 

Hr - H 2 bs is 

St - Sjjj.is 

T, C K 

H T - Hjbr.is 

St — Sms. is 


cal./mole 

cal ./deg. 


cal./mole 

cal ./deg. 



mole 



mole 

350 .... 

1130 

3.50 

525 (c, . 

5380 

13.29 

400 .... 

2280 

6.57 

525 (1) . 

11.500 

24.95 

450 .... 

3480 

9.39 

550 ... 

12,160 

26.18 

500 .... 

4730 

12.03 

600 ... 

13,490 

28.49 


LiNO, (c) : 

Enthalpy : H, - H m .»» 14.98T + 10.80 X 10 *T 9 - 5409 (0.1 percent ; 2';8-526°K) 

Heat Capacity : C p --- 14.98 21.20 x 10‘*T 

LiNO n (!) : 

Enthalpy : H* - H»». , , = 26.60T -2470 <0 l percent ; 525-6O0°K ) 

Heat Capacity, cal. /deg. /mole: (liquid) 26.60 

Decomposition Temperature and Products: When heated, gives off oxygen then 
a mixture of oxygen and nitrogen. 

For DTA and TGA see Refs. 33, 47 
Vapor Pressure — 


54V2 


179 



h.r! 

is* ■ 


\ ■ 


Molecules/ Unit Cell 
2 

52 cold, 66 at 71 °G 
slightly soluble 
Keep in closed containers. 

fatal. 


lithium Nitrate, LING* (page 2) 

X-Ray Crystallographic Data: 

System Space Group a Axial Angle 
hexagonal D£, 5.74 a = 48°3' 

Solubility : 

In water (g./lOOnil.) : 

In acetic acid : 

Hygroscopicity : Deliquescent. Caution 
Health Hazard : Large amounts taken by mouth may be 
Safety Classifications: 

OSM : Class 1. Class 2 when not packed or stored in original shipping con- 
tainers or equivalent. 

ICC : oxidizing material 

Fire and Explosion Hazard: A v.gorcus oxidixing agent. May explode when 
hected with a fuel, or when exposed to heat or by shock. On decomposition 
it emits toxic fumes. 

Electrostatic Sensitivity: 

Use in Pyrotechnics : as an oxidizer ; to color 

burning compositions 
red 


29 

12 


17 



LITHIUM PERCHLORATE, LiCIO, 


Refs. 


60.15 

none 

106.40 

no regular form 
recognisable 

colorless 
(solid) 2.429 


Percent Oxygen: 

Specification No.: 

Molecular Weight : 

Crystalline Form: 

Color : 

Density, g./mL: 

Coefficient of Thermal Expansion : 

Heat of Formation, Keal./mole at 298°K : 

Free Energy of Formation : 

Entropy : 

Melting Point: 509°K (236°C) 

520° K (247°C) 

Values vary from < 300 to 410°C, with decomposition. 

Boiling Point: decomposes at 

653°K (380°C) 

Transition Point : 

Heat of Sublimation: 


-91.77 


Heat Content or Enthalpy : 

Heat Capacity : 

Decomposition Temperature, °C: 380 

For DTA and TGA see Refs. 33, 47 
Decomposition Products: LiCl + O* 

Decomposition : Does not begin to show an appreciable decomposition rate until 
the temperature is raised to over 400°C. 

There is an endothermic break at 610°C, corresponding closely to the melt- 
ing point of Li Cl (614' C). At about 42u'C LiC10« begins to undergo 
appreciable foa*. The temperatere interval between salt fusion and onset 
of rapid decomposition is from 247 to about 502°C, or approximately a 
range of 255°C: 

I dClO, • HjO loses H,0 at 146°C 

The pure anhydrous salt can be heated to at least 300 c C without decompo- 
sition, but ordinary samples decompose at lower temper, ?tui"es to chloride 
and oxygen owing to the catalytic effect of dust and atmospheric impurities. 

Vapor Pressure: • 

X-Ray Crystallographic Data for LiCIO, * 3H.0 : 


System 

hexagonal 


Space Group 


C 


4 

€» 


a c 

7.71 5.42 


Hygrosconicity : 

Solubility Data: Ip water (g./lOOg.) : 


deMquescent 
59.7 at 25° C 


44V20 

1 

1,65 

72 


9 

Addnl. Ref. 1 
65 

1 


1 

29 

72 

Addnl. Ref. ! 


Addnl. Fef. 1 
52V7 


1 


1 

1 
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Lithium Ptirh.!or»tf, LICIO 4 (page 2) 


I 

< 

■i 

\ 

i 


Solubility in Nonaqueous Solvents at 25°C 


Solvent 
acetone 
ethyl acetate 
ethyl ether 
methyl alcohol 
ethyl alcohol 


g./l 00 g, of Sv- ent 
136.5 
95.2 

113.7 
182 

151.8 


65, 72, 77 


Health Hazard: May irritate the skin and mucous membranes. Lithium salts 
are rated moderately toxic. They affect the nervous systems, and can cause 
death. 


29,65 


Safety Classifications: 

OSM : Class 1. Class 2 when aot stored in original shipping containers or 
equivalent. 

ICC: Oxidizing material; yellow label. Classed under “Explosives and 
Other Dangerous Articles.” 

Fire and Explosion Hazard: A powerful oxidizer, can cause fires by chemical 
reaction, and forms explosive mixtures with carbonaceous materials or 
finely divided metals, sulphur, powdered mag.iesium or aluminum. Explodes 
on shock or by chemical reaction. 

Electrostatic Sensitivity : 

Use in Pyrotechnics : as an oxidizer ; to color 

burning compositions red 

Additional References: 

1) “The Differential Thermal Analvsis of Perchlorates. II. The System 
LiCIO* - LiCO,” M. M. Markowitz, J. Phys. Chem. 62, 827 (1958) 

2) “Precise Studies of the Crystal Structures of Lithium Perchlorate Tri- 
hydrate, Anhydrous Lithium Perchlorate, and Potassium Perchlorate,” 
R. J. Prosen and K. N. Trueblood, Perchlorates TN-2, OSR TN 56-563, 
ASTIA Document No. ADUO-384 ( 1356) 


12 


LUPfiRSOL D DM 


Refs. 


Lupersol DDM is a proprietary mixture of 60% methylethyiketone 
peroxide in dibutylphthalate, marketed by the Luc.idol Div., Wallace and Tiernan, 
Inc., Buffalo, New York. The following dat. except where otherwise indicated, 
are from the Lucidol Div., Wallace and f ieman. 

The structure of methylethyiketone peroxide is: 


H,Cji 



H» or H 5 C 


OH, CH, 

*-A-0-0-tc s H 5 


O-O- H 0-0 - H 


The market product has about 1 1 % active oxygen. 

Stability: Lupersol loses about 7 % of its peroxide content after 12 months of 
storage at ambient temperatures ( 20-80° F ) . 


DECOMPOSITION KINETICS 


Active 

% 

Cone. g. moles 
peroxide (-0-0-)/!. 

Temp. 

°C 

Half Life 
t 'fa in hrs. 

First Order 
Rate k./hr. 

E (Activation 
Energy) 
Kcal./mole 

11 

0.2 

85 

81.2 

0.00854 


at start 


100 

16.2 

0.0428 




115 

3.6 

0.193 

28.5 



145 

0.25 

2.77 

. ! 


DECOMPOSITION TEMPERATURES IN BENZENES AT 
SELECTED HALF LIFE VALUES 


Time 

1 min. 

10 hr3. 

100 hrs. 


Temp. C° 

182 

105 

83 



Solubility Data: Soluble in most synthetic resin monomers. 

Health Hazard : Highly toxic by ingestion. 

Safety Classifications: 

OSM: Not specifically listed but peroxides are in class 1 when stored in 
original shipping containers, and in class 2 when not in original 
shipping containers or the equivalent. 

ICC: Not specifically listed, but organic peroxides not otherwise spc i- 
fied are classed as flammable liquids and as oxidizing materials 
under “Explosives and Other Dangerous Articles."’ 

Fire and Explosion Hazard: Methylethyiketone peroxide alone is shock sensi- 
tive. To reduce the sensitivity to shock, it is diluted with dibutylphthalate 
and .s then acceptable for shipment. The peroxide may exist in several 
different structures, some of which are extremely shock sensitive even in 
60 % solution. The solution may thus be a hazard. Lupersol DDM will de- 
compose rapidly at 125 r C. The solution has a fins., paint (open cup) above 
45°C and burns like gasoline when ignited. Lupersol DDM is widely used 


Addnl. Ref. 2 

Addnl. Ref. 1 
Addnl. Ref. 2 


Addnl. Ref. 2 

12 

12, Addnl. 
Ref. 3 


i83 


l.ug.'THoS HI)M (|>a"»- 2) 


as a room temperature catalyst with cobalt naplithonate or similar metallic 
drier as the accelerator. Mixtures of the pi' -oxide and accelerator will de- 
compose explosively and the two should not be brought into direct contact. 
As a powerful oxidi/.ing agent, the peroxide can react vigorously with 
reducing materials. 

Storage Precautions: Store in an isolated building with no otter type 
of material. Buildings containing the peroxide should be posted '“Flam- 
mable Storage — Keep Fire Away,” 

Disposal of Lupersoi DDM : Burning, the preferred method, or chemical hydro- 
lysis. 

Burning Method : Four material to be destroyed into shallow trench. Ignite 
with a wadded gasoline soaked rag tied to the end of a 6-ft. steel rod. Boiling 
will he rapid hut not, violent. 

Chemical Hydrolysis Method : Slowly add peroxide solution to 10 times 
its weight, of 20% NaOH solution with constant stirring. The reaction is 
exothermic. Decomposition shall be complete in 24 hours, and is confirmed 
when an acidified sample of the alkaline reaction mixture does not liberate 
iodine from an acetone solution of Nal. 

Electrostatic Sensitivity: 

Use in Pyrotechnics: Usuallv with cobalt naphthenate fgv.) “o cure Laminae 
4116 (see PA-PD-594) 


Addni Ref. 


Additional References : 

1) Chem. Ehg. News (Dec. 7, 1959) (Wallace and Tiernan advertisement). 

2) "The Evaluation of Organic Peroxides on the Basis of Half Life Data,” 
D. Doehnert and O. Mageli, Modern Plastics .76, 142 (1959) 

3) “The Use of Organic Peroxides,” C. H. Rybclt. paper presented ,*t the 
11th meeting of The Reinforced Plastics Division, 8.P.I., Atlantic City, 
New' Jersey (1956) 

4) For use with Laminae 4116, see Ref. 73 
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MAGNESIUM, Mg 

Specification No.: JAN-M-382 

Tlio specification covert; three types. Typos l and ll must bo manufactured 
by grinding, stamping, turning, or any combinat ion r these methods which 
will yield a suitable product.. 'Type 3 1 f must be manufactured by the atomiz- 
ing process. Type i is divided into two grades which differ in purify. Type 
I, grade A, and types U and 111 all have the same purity requirements. 
Grade B is ordinarily manufactured from scrap. 

Molecular Weight : 24.32 


Crystalline Form: 

Color : 


hexagonal 
silvery white 


Density, g./rnl. : 1.74 

Coefficient of Thermal Expansion at 20-100°C: 2b x iO-* 

Temp. °C Coeff. 

-183 to -f 15 21.40 X 10 " 

20-200 27.9 X 10 6 

20- 500 23.8 X !()-* 


e/'s. 


1 

1 

1 

1 


Heat cf Formation, Real. /mole at 298°K : 

Free Energy of Formation, Real. /mole at 298° R : 
Entropy, cal. /deg./mole at 298°R: 

See Tables a and b 
Meiting Point: 

Heat of Fusion, cal. /mole: 

Boiling Point. V) 

Heat of Vaporization, cal. /mole: 

Transition Point. 

Heat of Sublimation, eal./mole at 298°K : 

Heat Content or Enthalpy, cal./mole at 298 C K : 


(gas) -3o.6 
(gas) -27.3-11 

(c) 7.31 

(gas) 35.51 

923 °X (6dC°C) 
2140 

1390°K (1117°C) 
30,750 

35,d00 

1195 


j 


>. 7 
4,5 
5 
5 


5 

5 


a. HEAT CONTENT AND ENTROPY OF Mg (c, 1) 1 

(Base, ideal gas at298.15°K) 


T, °R ' 

H t - H 28 S.IR 

cal./mole 

St ~ Sjas.15 
cal. /deg. 
mole 

T, °R 

Ht - H T9H. i r. 

cal./mole 

St - S2#8.15 
cal./deg. 
mole 

400 .... 

615 

1.78 

923 (11 ... 

6415 

9.8b 

500 

1255 

3.20 

1000 

7020 

10.48 

600 

1920 

4.41 

1100 

7800 

11.23 

700 

2610 

5.48 

1200 

8580 

11.91 

800 

3330 

6.44 

1300 

9360 

12.53 

900 

4095 

7.34 

1400 

10,140 

13.11 

923 (c) . . . 

4275 

7.54 

_ 




Mg (c) : 

Enthalpy : H t -H s ,». 1& “4.97T + 1.52 X 10 ! T 2 -0.04 X 10 5 T 1 - 1604 (0.2 percent ;298-923°R) 
Heat Capacity : C „ =--- 4.97 -f 3.04 X 10 *T -f 0.04 X 10 8 T 2 


i 
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Magnranm, Mg ( jiui'c 2) 


Mg (1) : 

Enthalpy: II T - H 2 m. ss ~~ 7. HOT - 780 (0.1 percent; 923-1100°K * 


b. HEAT CONTENT AND ENTROPY OF Mg (gas) | 4 

(Ease, ideal gas at 298.15 C K) j 


T, n IC 

IT 71 

il T — 11298.15 

cal. /mole 

St — S2#8.i» 
cal. /deg. 
mole 

T, K 

Ht “ i f 21>H. tr. 
cal. /mole 

f - ■ fesOH , 1 5 

cal. /deg. 
mole 

400 ... 

505 

1.46 

1900 .... 

7960 

9.20 

500 ... 

1005 

2.57 

2000 .... 

8455 

9.46 

600 ... 

1500 

3.46 

2200 .... 

9450 

9.93 

700 ... 

1995 

4.24 

2400 ... 

10.445 

10.36 

800 . . . 

2495 

4.90 

2600 .... 

11,440 

10.76 

tOO , . . 

2990 

5.49 

2800 .... 

12.440 

11.13 

1000 . . . 

3490 

6.01 

3000 .... 

13,440 

11.48 

1100 . . . 

QQQ^ 

, l»J7uv 

/? 40 

U.,t 

3500 .... 

15,980 

12.26 

1QQQ 

4 AQQ 

il AO 

4000 .... 

18,610 

12.96 

1300 . . . 

4980 

7.32 

4500 .... 

21,400 

13.62 

1400 . . . 

5475 

7.69 

5000 .... 

24,410 

14.25 

1500 . . . 

5970 

8.03 

600° .... 

31,355 

15.52 

1600 . . . 

6470 

8.35 

7000 .... 

39,955 

16.84 

1700 . . . 

6965 

8.65 

8000 . . . . . 

50,805 

18.28 

1800 . . . 

7465 

8.93 





Mg (g) : 

Enthalpy : H? - H S9MS = 4.97T - 1482 (0.2 percent. ; 298-3500°K) 4 

Heat Capacity, cui. /deg./mole at 298°K: (solid) 5.96 4, 5 

(liquid) 7.80 
(gas) 4.97 


c. HEAT CAPACITY OF Mg 


Solid 298-923°K 

Li 

quid 923-1390°K 

Gas (raon) 1390-3000°K 

T, °K 

C° (cal. /deg./mole) 

298 

5.96 

400 

6.24 

600 

6.76 

800 

7.42 

900 

7.81 

1000 

7.88 

1100 

8.14 

1200 

8.40 

1300 

8.66 

1400 to 


2400 

4.97 

2500 

4.98 

3000 

5.02 


5 
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IVln^ncHiimi, (pu£<> ,'{) 


Decomposition Temperature and Products: 

For TGA see Addnl. Kef. 7 
For TO A and DTA son also Ref. 33 
Vapor Pressure. 

Press, mm. 1 10 40 100 400 760 M.P. 

Temp. °C 621 743 «38 909 1034 1107 661 

X-Ray Crystallographic Data: 

System Space. Group a c Atoms/ Unit Cell 

hexagonal D* h 3.203 5.196 2 

Hygroscopicity : slowly oxidizes in moist air 


Grade B 
material 
(see Spec, 
grades) 


R.H. at 70° F 

rm : _ . /• n i 

i line oi exposure, nrs. 

Gain in weight, % 

50 

216 

0.06 

70 

216 

0.22 

90 

168 

0.62 


Solubility Data: Insoluble in cold water; slightly soluble in hot; decomposing 
to Mg (OH) 2 . Soluble in mineral acids (except Cr0 3 ), cone. HF, NH 4 salts. 
Insoluble in alkalies. Reacts readily with dilute acids with evolution of 
hydrogen. 


Health Hazard : Slightly to moderately toxic. Particles which perforate th-> shin 
may produce severe local tumors characterized by the formation of pockets 
of gas and acute inflammatory reaction, frequently with necrosis (chemical 
gas gangrene). Inhalation of fumes or dust may irritate the respiratory 
tract. 

M.A.C. : 10 pts. per million in air and 15 mg./m. 8 of fumes as MgO. 
Safety Classifications : 

OSM : Class 1 ; class 2 when not stored in original shipping containers or 
equivalent. 

ICC: Magnesium scrap (shavings, borings or turnings) is classed as a 
flammable soliu ; yellow label. 

Fi»-e and Explosion Hazard: Contact with water may cause ignition of pow- 
dered magnesium evolution of hydrogen, and explosion. Dangerous in the 
form of dust or flakes when exposed to flame or by chemical action with an 
oxidizing agent. Finely divided magnesium can be ignited by a spark or 
match flame. Highly explosive. Caution : water, CCh, or carbon tetrachlor- 
ide should not be used on magnesium fires. Use G-l powder or powdered 
talc on open fires and boron trichloride on oven fires. 

Store and process only in rooms or buildings adequately vented at the high- 
est point to prevent the accumulation of hydrogen gas which results from 
the reaction of powdered metal and moisture. In the repair and maintenance 
of buildings or equipment, powder or dust should be removed and non- 
sparking tools used. 


1 


1 

29, 33, 50 


1.29 


93 . 12 , 25 , 29 


14 


12 , 14 , 49,51 


14 
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Miij(iii'itiniii, !VS|j; 1 pngr I) 


Klee trostsi tic Sensitivity: Minimum energy required tor ignition of powder I >y 
electr ic sparks (millipedes) : 

Type 
atwnizet 
nulled 
stamped 



Dust Layer 



Cloud Layer 



1 

120 



40 

26, 

51 


40 



8 




20 



1 



1 by 

a spark in an atmosph 

ere of 

CO» 

or in air-nitrogen mix- 

49, 

5] 

t less than 5 C, oxygen. To 

avoid 

igni 

tion process in helium. 



urers 

of Magnesium Powde 

rs, C 


1 

1 

26, 

50 


Type Dust ('loud 

atomized <>()() 

milled 540 

stamped 520 

Minimum Explosive Concentration, mg./i. : 


Dust Layer 
400 
475 
480 


(atomized) 10 
(milled) 20 
(stamped) 20 

Use in Pyrotechnics: As a fuel, and in tracer, igniter, signal flare, and pyro- 
technic compositions. 


26. 50 


Additional References : 

1) “The Kinetics of Underwater Corrosion of Powdered Magnesium,” E. 
Freeman and S. Gordon, J. Phys. Chem. 50, 1009 (1955) 

2) “Magnesium and Its Alloys,” C. S. Roberts, John Wiley & Sons, New 
York (1960) 

o) “National Fue Coues, voi. iI, The rrevention of Dust Explosions,” Na- 
tional Fire Protection Association, Boston, Mass. (1952) 

4) “Safety Requirements for Manufacturing and Processing Military 
Pyrotechnics,” ORDM 7-255 (1952) 

5) C. A. 37, 2578 ( 1943) 

6) Ref. 64 

7) Combustion and Flame 3, No. 1, 3-12 (1959) 
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iii ai;n esh im- \u i iminsi i ib tv 

( IMagmiliiim ) 

Specification No.: JAN-M 454 

The sjmh ifieation covers (wo types, A and I!, which differ in granulation 
(R is coarser) : A 50/50 Mg/Al, approx. 53.3 atom '/■ Mr. 

I! 65/35 Mr/ A), approx. 67.0 atom %■ Mr. 

Molecular Weight; 

Color and Form : silvery rnetai 

Density, g./ml. : (solid) type A, about 2.142 

type 11, about 2.015 

Calculated on the basis of data in Aedn! Ref. 3 
Coefficient of Thermal Expansion: type A, approx. 29.3 X 10 

type B, a pprox. 28.7 X 10 6 

By interpolation from Addnl. Ref, 2 
Heat of Formation, cal. /mole at 298°K : type A, -1027 




Spec. 


24 


Boiling Point : Decreases with increasing Mg content. 

Wt- % M g 20 40 60 80 

B.P. °C 1300 1200 " 1150 1115 

Vapor Pressure : See Addnl. Refs. 2 and 4 
X-Ray Crystallographic Data: 

a A toms /Unit Cell 

type A about 10.46 about 58 

type B about 10.57 about 58 

By interpolation and extropolation of data in Addnl. Ref. 3 
TWre^opidty : Cunru^ti'’® ir.c r<3 ?.S6 in q .ft p r 

over water for 29 days over H,SO < for 29 days 2 days in oven at 105°C 

6.3% 4.7% 4.3% 

Solubility Data: see Magnesium and 

Aluminum 


44S35 


Health Hazard : no known toxicity 

Safety Classifications : 

OSM: No classification given. Since A1 and Mg powders are in class 1, 
powdered Mg/Al alloy is probably similarly classified. 

ICC: No classification given. However, since powdered metallic magne- 
sium is classified under "Explosives and Other Dangerous Articles,” 
the alloy would be similarly classified as a flammable solid requiring 
a yellow label. 

Fire and Explosion Hazard: Prevent water from contacting the powdered 
material. Store and process only in rooms or buildings adequately vented 
at the highest point to prevent the accumulation of hydrogen gas which 
results from the reaction of powdered rnetai and moisture. Powdered 
Mg/Al alloy mixed with oxidizing agents is a dangerous fire and explosion 
hazard. Powdered metal exposed to the air is a dangerous fire hazard, and 
when ignited burns with intense heat. In the repair or maintenance of 
buildings or equipment, powder or dust should be removed and nonspark- 
ing tools used. 

Minimum Explosive Concentration of type A Mg/Al powder is 50 mg./l. 


50V8 


14 


26 
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26 . r,o 


Electrostatic Sensitivity: Minimum energy required for itTi.it.ion of powder by 

electric sparks, milli joules : (dust cloud) 80 

(dust layer) 20 

Ignition Temperature, °C of type A alloy: (dust cloud) 52: > 26,50 

(dust layer) 46 

Use in Pyrotechnics : as finds 

Additional Reference: - , : 

1 ) "Magnesium and Its Alloys," oy C. S Roberts, John Wiley & Sons, New 
York (I960) 

2) “Ths Physical Metallurgy of Magnesium and its Alloys,” G. V. Raynor, 
Pcrgamon Press, New York (1959). Contains a good phase diagram 
of the system Mg/A I, plus a discussion. 

3) “Handbook of Lattice S pacings and Structures of Metals,” W. B. Pear 

son, Pergamon Press, New York (1958) j 

1) A. Schneider and E. K. Stroll, Z. Electrochem. 47, 519 1 941) i 



MAGNESIUM CARKONATE 


Specification No.: 

M1E-M 1 1861 

Molecular Weight: 

31.33 

Crystalline Form : 

trigonal 

Color : 

white 

Density, g./rnl.: 

(solid) 3.037 

Coefficient of Thermal Expansion, cubical : 

0.5 X 10 7 

Heat of Formation, Kcal./mole at 298°K: 

266 

Free Energy of Formation, Kcal./mole at 298°K : 

246 

Entropy, cai./deg./mole at 298°K : 

See table below 

15.7 

Melting Point: 

decomposes at 
623°K (350° < 

Heat of Fusion: 

— 

Boiling Point: 

loses CO? at 
1173°K (900' 

Transition Point: 

— 

Heat of Sublimation : 

— 


HEAT CONTENT AND ENTROPY OF MgCO-, (c) 
(Base, crystals at 298.15°K) 


O 

Hr-IWir, 
cal. /mole 

St — S 208 .IB 
cal./deg. 
mole 

0 

W 

H t — H2tis.ir, 
cal. /mole 

400 .... 

2060 

5.92 

700 .... 

9450 

500 .... 

4300 

10.91 

750 .... 

10,820 

600 .... 

6790 

15.45 




MgC0 3 (c) : 

Enthalpy : H T - H M8 .„ = 18.62 + 6.90 X 10 a T 2 + 4.16 X lun - 75«0 
(0.4 percent ; 298-750°K) 

Heat Capacity : C p = 18.62 + 13.80 X 10*T - 4.16 X 10 5 T 2 
Heat Capacity, cal. /deg./mole: (solid) 18.05 

Decomposition Temperature: 900°C 

For TGA see Addnl. Ref. 1 

Magnesite (mineral MgCO.,) begins to lose C0 2 at 450-500°C 
Decomposition Products : MgO -4- C0 2 

Vapor Pressure: 


Press, atm. .0001 .0089 
Temp. °K 673H 723H 


‘calculated from equation 

AH (T-T 2 ) 


log kp, - log kp 2 — 


4.571 (T.Tj) 


.0776 0.983 

763.1 813.1 


, A H — 60.863 


1.763 

843.1* 


13.87 

’873/f* 


473.4 

973.1* 


I’cfs. 


1 

1 

1 

31 
1, 9 
1, 9 
1, 9 

1 


1 


4 


St — S268. 15 

cal./deg. 

mole 

19.54 

21.43 


9 

64 


50V5 

29 

42V7 


Mr«n«iiimi 4 .ar M(<( .4 > , ( p.i;;r 2) 

X Ray Crystallographic Data: 

Mol,- Hi. :. 

Sysh-m y, !>,,<■<■ Cron,, a A i iai A nalc Unit (\ 

hexagonal I > ft .61 ■> IS )2 :> 

Hygroscopicity : - - - - 

Soluniiuy Data: In water: .(>106 g ./ 1 r»«i nil. 

More soluble in water containing C(>_. 

In acids: soluble, reacts with 

evolution of CO- 

In acetone, NH : ,, and al ohol : insoluble 

Health Hazard : None. Has an antacid and laxative effect. Slight to moderate on 
ingestion and inhalation. 

Safety Classifications : 

Fire and Explosion Hazard : 

Electrostatic Sensitivity: 

Use in Pyrotechnics: as a retardant 

Additional References : 

1) J. Am. Ceram. Soc. 96-101 ( 19ft0) 


ox is he, Wb* 

^ 1 .mScEh 1 *! !<•'-,!;«, Drmf ifnritvd fil!;*'.. j< >< ui . ’ 

I’miiic.'oiiH Mufincsia, ftlaf'lM-sia i If.* a s-i' ! 

.Specification No.: MM.- M t20,i6A 

The spec. cover,-. one grade of ;)*>.•(), light (bvhuead) . 
Molc-culai Weight: 40 ,32 

Crystalline f'lirm: rrv<- 

Tint spw, grade is a dully white amorphous ;>owd« ■>•. 

Color: ro!. 

Density, g./ml. : (solid) 

( Cellicient (>!‘ Thermal Expansion, lim ar, 20 300' (1 : i 4> .4 10' 

20~100fl"C. : IH.'7 x J u » 

25' ' 1 : 

Thermodynamic Data for finely divided MgO : 

See also Tables a and h 
Heat of Formation, Kcal./i role at 29K'K : 

See Table a 

Free Energy of f ormation, Kcal./mole at 2 Oh' K : 

Entropy, cal. /deg./mole at 298°K : 

Heat Capacity cal. /deg. /mole at 998' K : 

See Table b 


a. HEAT AND FREE ENERGY OF FORMATION OF MgO (peridase) j 2,8 


T, f K 

a H («i 'mole) 


A F’ (cal. /mole) 

298.16 .... 

143,800 ( ■ 90) 


136.080 < ' 150) 

400 

-143,810 


131,530 

500 

-143,810 


120 860 

600 

-! 13,810 


128 270 

700 

143,800 


i 25,680 

800 

-143,790 


123,080 

90C 

- 143,770 


120, 130 

923 

-113,760 


119,890 

923 

-145,920 


-5 IS, 890 

1000 

-145,890 


1 17,730 

1100 

-1 15,810 


1 14,910 

1200 

1 15,750 


112 1 00 

1300 

-145,660 


-109,300 

1393 

145 560 


--10t, 690 

1393 

-177,060 


106,690 

1400 

- 177,030 


106,350 

1500 ..... 

-176,700 


101,300 

1600 

-176,380 


56,280 

1700 

-176,060 


91,300 

1800 ..... 

-175,710 


86,330 

1900 

-175,120 


81,370 

2000 .... 

175,100 


-76. 100 


tl/r v; ir 


142.95 


125.2! 

6.66 

3.(18 


.5 1 

9 
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Magnesium Oxide, MgO (page 2) 


r.fi 

£ 


V\ 

;'m 


tm 


.’"'/I 


Phase Changes of Metal 
M.P., 923 °K ; A H = 2160 cal./g.-atom 
B.P., 1393° K ; A H 31,500 cal./g.-atom 
Free Energy Equations: 

Reaction Range of Validity, °K 

1) Mg (c) -j- 1/2 0 2 = MgO (periclase) 298.16-923 

A F§ = - 144,090- 1.06T logT - .13 (10 S T 2 ) +.25 (WT 1 ) +29.16T 

2) Mg (1) + I /2 0 2 = MgO (periclase) 923-1393 

AF$ —-145,810 + 1.84T log T -.62 (10*T 2 ) + .64 (10 B T *) + 23.07T 

3) Mg (g) + 0 2 — MgO (periclase) 1393-2000 

AF£ = - 180, 700 -S.75T log T-. 62 (10 a T 2 ) +.64 (10 5 T->) +65.69T 
Entropy, cal./deg./mole at 2 j8°K : 6.4 

See Table b 

Melting Point: 3173°K (2900°C) 

Heat of Fusion, Kcal./mole: 18.5 

Boiling Point: 3350 ± 300°K (3G77°C) 

Heat of Vaporization : 

Transition Point: 

Heat of Sublimation, Kcal./mole at 298°K : > 149.4 

b. HEAT CONTENT AND ENTROPY OF MgO (c) 

(Base, crystals at 298.15°K) 


T, °K 

h t - h 298-16 

cal./mole 

St — S 2 g 8 .iR 
cal. /deg. 
mole 

T. °K 

H T — H 2 BH .15 

cal./mole 

St ~ S 208.15 
cal./ deg. 
mole 

400 

965 

2.78 

1300 . . . 

11,310 

15.98 

500 

1975 

5.03 

1400 . . . 

12,570 

16.92 

600 

3020 

6.94 

1500 . . . 

13,830 

17.79 

700 .... 

4100 

8.60 

1600 . . . 

15,090 

18.60 

800 

5225 

10.10 

1700 . . . 

16,350 

19.36 

900 

6390 

11.47 

1800 . . . 

17,610 

20.0S 

1000 

7580 

12.73 

1900 . . . 

12,870 

20.76 

1100 

8800 

13.89 

2000 . . . 

20,130 

21/1 

1200 ... . 

10,050 

14.98 

2100 . . . 

21,390 

22.02 

MgO (c) : 



Enthalpy: H,- H 2 #*. l6 =: 10.18T + 0.87 X J0- 3 T 2 + 1.48 X 10 B T *-3690 
(0.8 percent ; 298~2100°K) 

Heat Capacity : C„ -= 10.18 + 1.74 x 10 3 T 18 X 10 # T 2 

Heat Capacity, cal./deg./mole: (solid, c) 8 94 

See equation above 



Magnesium Oxide, MgO (page 3) 


Decomposition Temperature . The temperature rt juired to complete dissocia- 
tion has been estimated to be above that of the temperature of a Ru.isen 
flame. Partial dissociation is said to take place by evaporating a mixture 
of MgO and metal. 

Decomposition Products : 

Vapor Pressure : log, 0 P mm , = 2.732 X 10VT -f 13.13, over the 
temperature range 1800-2200°K 

X-Ray Crystallographic Data: 

System Space Group a Molecules /Unit Cell 

cubic Oj* 4.212 4 

Hygroscopicity : Takes up moisture from the air to form Mg(OH) 2 and C0 2 
from the air to form MgC0 3 . 

Caution : Keep container well closed. 

See also Addnl. Ref. 2. 

Solubility Data : In water : .00062 in cold 

.0086 at 30°C 

Solubility in water is increased by C0 2 . 

In acids and ammonium salts : soluble 

In alcohol : insoluble 

Health Hazard: Inhalation of freshly sublimed MgO may cause metal fume 
fever. Large doses taken as an antiacid may produce undesirable catharsis. 
M. A.C., mg./m.® for an 8-hr. day : 15 

Safety Classifications: 

OSM : not listed 

ICC : not listed 

Fire and Explosion Hazard: 

Electrostatic Sensitivity: 

U3e in Pyrotechnics : MgO ;3 the product of the burning of Mg. 

Additional References: 

1) "Stability of Ceramic Materials, ’ J. Wygant and V Kingrey, Am. 
Ceram. Soc. Bull. SJ, (7) 251 (1952) ; cited by Ref. 65 

2) “T1 - Sorption of Water Vapor on Magnesium Oxide,” R. Razouk and 
R. till. Mikhail, J. Phys. Chem. 59, 636 (1955) 

3) “On the Dissociation Energies of Strontium Oxide and Magnesium 
Oxygen Molecules,” R. Porter et al., J. Chem. Phys. 23, 1347 (1955) 
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Ad' Ini. Refs. 
1,3 
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MANGANESE, Mn 

Specification No,: .TAN-M-476 

The specification covers three grades which differ in purity and granula- 
tion. Grade i is intended for delay powder; grades II and III, for pyro- 
technics. 

Molecular Weight: 

Crystalline Form: 

Color : 

Density, g./mi, : 


04.94 

cubic or tetragonal 
grey-pink 

(solid at R.T.) * = 7.44 
p = 7.29 
y = 7.21 


Coefficient of Thermal Expansion, linear: 

Temp. (°C) 


Coeff. (cm./cm./°C) 


a phase -190 to 0 

15.9 X 10* 

-183 to 0 

17.6 >< Id"* 

0-20 

22.3 X 1C"* 

0-100 

22.8 X 10* 

0-300 

25.2 X 10* 

p phase -f 83 to 0 

12.8-20.4 X 10* 

0-20 

18.7-24.9 X 10* 

y phase -70 to 0 

13.6 X 10* 

0-20 

14.8 X 10* 

Heat of Formation, Kcal./mole at 298°K : 

(gas) 68.34 
(c) y, 0.37 

Free Energy of Formation, Kcal./mole at 298°K 

: (gas) 58.23 

(c) y,0.37 

Entropy, cal./deg./mole at 298°K : 

See Tables a, b, c, d 

(gas) 41.49 
(c) *, 7.59 
y, 7.72 

Melting Point: 

1517°K (1244°C) 

Heat of Fusion, cal./mole: 

3500 

Boiling Point: 

2314°K (2041°C) 

Heat of Vaporization, cal./mole at 2314°K : 

52,520 

(727°C) (1101°C) (1137°C) 

Transition. Points: « 10C0 o K p 1374°K^ y 1410°K 

535 545 430 

Heat of Transition, cal./mole: 

it. ► ft — s** y — ► 8 

Heat of Sublimation, cal./mole at 298°K: 

66,730 

Heat Content or Enthalpy, cal./mole at 298°K : 

See Tables a, b, c, d 

Heat Capacity, cal./mole at 298°K : See Tables a, b, c, d 


Refs. 


1 

1 

37 


27, 37 


1,5 


1,5 


2.5 
2, 4, 5 
5 
5 

2, 4,5 

2, 4,5 
5 
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Manganese, Mn (page 2) 


a. HEAT CONTENT AND ENTROPY OF Mn (c, 1) 
(Base, ^-crystals at 268. 15°K) 



T, °K 


H t -- Hj.ftg.is 

cal. /mole 


St — S298.15 
cal. /deg. 
mole 


Ht - H 288. 15 
cal./mole 


St — S268.15 

cal ./deg. 
mole 



Mn (a) : 

Enthalpy : H T - H 2#g . 15 = 5.70T + 1.69 X 10 *T* -{- 0.37 X 10 5 T ’ - 1974 
(0.7 percent ; 298-1000°K) 

Heat Capacity : C p = 5.70 + 3.38 X 10*T - 0.37 X 10 B T* 

Mn (/S) : 

Enthalpy: Ht-H^s^.SST + 0.33 X 10»T*-2675 (0.1 percent; 1000-1374°K) 
Heat Capacity : C p — 8.33 -f 0.66 X 10 *T 

Mn ( y ) : 

Enthalpy: H T -H w *. 1B ^10.70T-4760 (O.i percent ; 1374-1410°K) 

Heat Capacity : C p = 10.70 

Mn (8) : 

Enthalpy: H» - Hms.i* — 11.30T - 5170 (0,1 percent; 1410-1517°K) 

Heat Capacity : C p = 11.30 


Mn (1): 

Enthalpy: H t -H».., S ^=11.00T - 1220 (0.1 percent; 1517-2300°K) 
Heat Capacity : C p — 11.00 


a 








Manganese, Mu (page 3) 


b. HEAT CONTENT AND ENTROPY OF Mn ( y ) 
(Base, y-crystals at 298.15°K) 


T, °K 

H T - Hjtw.is 
cal./mole 

St — S 29 s.tR 
cal./deg. 
mole 

T. °K 

H x — H29ft.11; 

cal./mole 

St _ 320 ft. 15 
cal./deg. 
mole 

400 .. . 

705 

2.03 

1000 . . . 

IHSjSfHSZjSl 

9.57 

500 .. . 

1445 

3.68 


6720 


600 ... 

2230 

5.11 



11.38 

700 .. . 

3050 

6.38 


8780 

12.22 

800 ... 

3915 

7.53 

1374 . . . 

ikwibW 

12.81 

900 .. . 

4815 

8.59 





Mn (y) : 

Enthalpy : H t -H ?6 ». 1b = 6.03T+ 1.78 X 10 *T 2 + 0.44 X 10 S T' 1 -2104 
(0.1 percent ; 298-1374°K) 

Heat Capacity : C p == 6.03 + 3.56 X 1<HT - 0.44 X lO'T 2 

c. HEAT CONTENT AND ENTROPY OF Mn (g) 
(Base, ideal gas at 298.15°K) 


T, °K 

Hr — Hms.is 
cal./mole 

St — S 298.15 
cal./deg. 
mole 

T, °K 

Ht - H 29ft. 15 

cal./mole 

St ~ Ssss.is 
cal./deg. 
mole 

400 ... . 

505 

1.46 

1900 

7960 

9.20 

500 ... . 

1005 

2.57 

2000 

8460 

9.46 

600 .... 

1500 

3.48 

2200 

9455 

9.93 

700 .... 

1995 

4.24 

2400 

10,455 

10.37 

800 ... . 

2495 

4.90 

2600 

11,465 

10.77 

900 .... 

2990 

5.49 

2800 ..... 

12,485 

11.15 

1000 .... 

3490 

6.01 

3000 

13,525 

11.51 

1100 .... 

3985 

6.49 

3500 

16,255 

12.35 

1200 .... 

4480 

6.92 

: 4000 

19,290 

13.16 

1300 .... 

4980 

7.32 

4500 

22,775 

13.98 

1400 .... 

5475 

7.68 

5000 .... 

26,840 

14.84 

1500 .... 

5970 

8.03 

6000 

36,925 

16.67 

1600 .... 

6470 

8.35 

7000 

49,415 

18.59 

1700 .... 

6965 

8.93 

8000 

63,560 

20.48 

1800 .... 

7465 






Mn (g) : 

Enthalpy: H T - H, #8 . 14 = 4.97T - 1482 (0.2 percent; 298-3000 p K) 
Heat Capacity : C k — 4.97 
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Manganese, Mn (page 4) 


I 


f 

i 


I 

f 

i 

i 


» 


i 


d. HEAT CAPACITY OF Mn : 

Solid I, 298-1000°K ; Solid II, 1000-1374°K : 
Liquid, 1517-2314°K; Gas (monatomic) 23I4-3000°K 


T, °K 

C? (cal./deg./mole) 

T,°K 

Cj (cal./deg./mole) 

298 

6.29 


1400 


10.70 

400 

6.75 


1500 


11.30 

600 

7.54 


1600 to 
2300 


11.00 

800 

8.21 


2400 


5.02 

900 

8.60 


2600 


5.07 

1000 to 

9.30 


2800 


5.14 

1300 



3000 


5.25 

Decomposition Temperature and Products : 




For DTA and TGA see Ref. 33 





Vapor Pressure: 






Press, mm. 1 

10 40 

100 

400 

760 

M.P. 

Temp.°C 1292 

1505 1666 

1792 

2029 

2151 

1260 


log P (atm.) = 14.848T - 3.028 log T + 16.489T (T = abs. temp.) 
2.4 mm. at M.P. 


5 


1 


37 

34 


X-Ray Crystallographic Data : 

System Space Group a 

cubic («) T* 8.894 

cubic (p) O*or0 T 6.300 

tetragonal ( y ) DjJ, 3.774 

cubic (8) 3.081 at 1140°C 


Atoms/ 
C Unit Cell 

58 
20 

3.526 4 

3.088 at M.P. 


Hygroscopicity (% Gain in weight after 720 hrs. of exposure at 70° F of spec, 
grade powdered Mn) : 

R.H., % 50 76 90 

Gain, % 0.02 0.34 3.91 

Solubility Data : Decomposes water slowly in the cold, rapidly on heating. 
Soluble in dilute acids with evolution of hydrogen. 

Health Hazard: Inhalation of heavy concentrations of manganese dusts or 
fumes may produce chronic manganese poisoning. Mn may affect the ner- 
vous system and cause paralysis. Mn poisoning is detectable in the blood. 
M. A.C., mg./m.* : 6 

Safety Classifications : 

OSM: Class 2, when not packed or stored in the original shipping con- 
tainer or equivalent (dust). 

ICC: not specifically mentioned 


1 


37 

33 

51 

1 

29 

12 

25 

29 

14 





> 

I 

f 

i 

l 
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Manganese, Mn (page 5) 

Fire and Explosion Hazard: Powdered manganese metal exposed to air is 
dangerous fire hazard and when ignited burns with intense heat. Pre 
water from contacting the material. Store and process only in build 
adequately vented at the highest point to prevent the accumulation of 
drogen gas which results from the reaction of powdered metal and moisture. 
In the presence of oxidizing agents powdered Mn is a dangerous fire and 
explosion hazard. Manganese powder is moderately explosive. 

Caution : to fight fire, use a special mixture of dry chemical or powdered 
talc. Use nonsparking tools for repair and maintenance of buildings or 
equipment where manganese has been stored. 

Electrostatic Sensitivity: Minimum energy required for ignition of powder by 
electric sparks (millijoules) : y + G.77% 

8 + 0.90% 

Minimum explosive concentration of powdered Mn: 

125 mg./l. 

Volume change accompanying phase transformations: 

v + 0.77% 
y _*. * 0.90% 

Manganese is superficially oxidized on exposure to the air. The y phase 
(electrolytic Mn) is not attacked by water at ordinary temperatures. It is 
slightly attacked by steam. 

Use in Pyrotechnics : 


' 1 1, 49 


51, 75 
26 

26 

37 

29 


as a fuel 


MANGANESE DIOXIDE, 

, Mn0 2 

Ref 8. 

(Manganese Black, Pyrolusite, Black Oxide of Manganese, 

1, 11,29 

Manganese Peroxide, Manganese Binoxide, 

Manganese Superoxide, 


Battery Manganese) 



Percent Oxygen: 

86.82 


Specification No. : 

MIL-M-3281 


Molecular Weight: 

86.93 


Crystalline Form: 

rhombic or powder 

1 

Color: 

black or brownish-black 

1 

Density, g./ml. : 

Coefficient of Thermal Expansion: 

(solid) 5.026 


Heat of Formation, Kcal./mole at 298°K : 

-124.5 

1,9 

See Table a 



Free Energy of Formation, Kcal./mole at 298°K: 

-111.4 

1,9 

See Table a 



a. HEAT AND FREE ENERGY OF FORMATION Mn0 2 (c) 

2 


T, °K A H (cal./mole) A F° (cal./mole) 


298.16 .... 

-124,450 (±200) 

-111,350 (±250) 

400 

-124,400 

-106,900 

500 

-124,250 

-102,500 

600 

-124,100 

-98,200 

700 

-123,900 

-93,900 

800 

-123,750 

-89,600 

900 

-1.23,650 

-85,350 

1000 

-123,500 



Free Energy Equation: 



Reaction 

Range of Validity, °K 


Mn («) -f 0 2 (g) = MnO* (c) 

298.16-1000 


A F$ = - 126,400 - 8.61T log T + .97 ( lO^T 2 ) 

-f 1.555 (10*T- J ) + 70.14T 


Entropy, cal./deg./mole at 298°K : 

See Table b 

12.7 

1,9 

Melting Point: 

loses oxygen at 

1120°K (847°C) 

6,8 

Heat of Fusion : 

loses oxygen at 535°C 

1 

Boiling Point: 

Transition Point: 

Heat of Sublimation : 
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Manganese Dioxide, Mn0 2 (page 2) 


b. HEAT CONTENT AND ENTF.DPY OF Mn0 2 (c) 
(Base, crystals at 298.1 5°K) 


o 

Ht - H 28R .i8 

cal./mole 

St — S 2 98.16 
cal./deg. 
mole 

O 

e-t 

H T - H 2 gg.i5 
cal./mole 

Sr — S;98.i5 
cal./deg. 
mole 

400 .... 

1445 

4.16 

700 .... 

6415 

13.36 

500 .... 


7.67 

800 ... 

8185 

15.73 

600 ... . 

4685 






Mn0 2 (c) : 

Enthalpy: H T - H M8 .,s= 16.60T + 1.22 X lv *T S + 3.88 X HPT 1 -6359 
(0.1 percent ; 298-800°K) 

Heat Capacity : C B = 16.00 2.44 x 10 ? T - 3.C2 X lO'T 2 

Heat Capacity, cal./deg./mole : (solid) 12.91 

Decomposition Temperature, °K: 1120 

For DTA see Ref. 33 

Decomposition Products : Loses 0 when heated ; the temperature of decomposi- 
tion varying with the method of preparation from 530°C down to even 
200°C. The resulting products being successively Mn 2 0, r Mn 3 0 4 , and M>>0. 
The reactions are reversible. 

Dissociation Pressure: 


2 Mn0 2 — ♦ Mn 2 O s (s) Yg 0 2 (g) 


Press, atm. 


0.030 0.164 0.263 0.209 


1.36 


1.000 


T, °K 


655.1 


721.1 


751.1 


803.1 809.1 1213.1 


Molecules/Unit Cell 
2 


X-Ray Crystallographic Data: 

System Space Group a c 

tetragonal D]J 4.44 2.89 

Hygrcscopicity : 

Solubility Data: In water, HNO s , cold H 2 SO_, acetone: 

insoluble 

In HC1 with evolution of Cl : soluble 

Health Hazard: Continued or prolonged inhalation or exposure to heavy con- 
centrations of Mn0 2 dusts or fumes may cause chronic manganese poison- 
ing. The chief site of damage is the central nervous system. Although toxic 
when freshly formed, the dry crystals or powder are normally considered 
an eye irritant and toxic only in large quantities. In solution, manganese 
dioxide form' a strong base that may bum the skin, and is very irritating 
to the eyes. 

M. A.C., mg./m.* : 6 

Safety Classifications: 

OSM : Class i. Class 2 when not packed or stored in original shipping con- 
tainers or equivalent. 

ICC ‘ oxidizing material 

Coast Guard: hazardous material 


9 

8 

50V8 


42V7 
see also 91 


12, 50V5 


14 
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Manganese Dioxide, Mn0 2 (page 3) 


Fire and Explosion Hazard : A strong oxidizer and a fire hazard in tne finely 29 
divided state Should not be heated or rubbed with organic matter or other 
oxidizable substances such as sulfur, sulphides, phosphides or hypophos- 
phites. 

Precautions When Handling Manganese Dioxide : 

Work carefully when handling bulk manganese dioxide to avoid excessive 
“dusting.” Keep work areas clean, and wash hands frequently. Store away from 
readily oxidizable materials such as powdered metals, oils, acids, or organic 
solvents. 

A solution of one part vinegar to four parts water by volume is an effective 
neutralizer, and may be safely used in the eyes or on any part of the skin. Take 
a victim to a physician immediately for examination and further treatment. 

Electrostatic Sensitivity: 

Use In F y rctechn 5< *°‘ as an oxidizer 17 



1. (2-METHOXYPHENYL AZO ) -2-NAPHTHOL 

(2-anisole-azo-betaiiaphthol, Sudan Red G, Brilliant Fat Scarlet R 
C.I. 12150, C.I. Solvent Red 1, C.I. Food Red 16) 


Refs. 



i 


| Formula: Ci T Hj 4 NjO* 
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Specification No.: 

MIL-D-3179 

The spec, covers two grades differing in purity (grade I, 90% ; grade 
80%) and granulation. 

Molecular Weight: 

278.32 

Crystalline Form : 

needles 

Color: 

Density, g./ml. : 

shiny reddish-yellow 

Apparent Density (spec, grade I) 
Coefficient of Thermal Expansion : 

min. 0.30, max. 0.70 

Heat of Formation: 

— 

Free Energy of Formation : 

— 

Entropy : 

— 

Melting Point: 

451°K (178°C) 

Spec, grade 11, min. 

Heat of Fusion : 

448°K (17B°C) 

Boiling Point: 

— 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy 

Heat Capacity: 

Decomposition Temperature : 

Decomposition Products: 

Vapor Pressure: 


X-Ray Crystallographic Data: 
Hygroacopicity : 

Solubility Data: 


In water, alkalies: 

insoluble 

In benzene and cold alcohol : 

difficult 

In alcohol: 

red solution on boiling 

In CHC1* and benzene: 

fairly soluble 

In oonc. H*S0 4 : 

soluble with violet-red 
color 
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! 

i 


Mil 


48A 


88V16 


88V16 


48, 88V16 


I 

i 


l'(2-Methoxyph<-nyi&£o)-2-Naphthol (p*£e 2) 


Health Hazard: toxicity unknown 

Spec, requires each container be conrpicuousty labeled, “Caution 
Skin Contact. Use Adequate Ventilation.” 

Safety Classifications : 


OSM: 

ICC: 

Fire and Explosion Hazard: 
Electrostatic Sensitivity : 

Use in Pyrotechnics: 


not listed 
not listed 


to color smoke 
mixtures red 


Avoid 
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1-METHYLAMINOANTHRAQIJINONE 

(l>N-methylaniinoanthraquinone, CeHiton Pink R, Du ranol Red GN, 
Cl. 60505, Cl. Disperse Red 9) 


Refs. 
84, 48A 


Formula: CuHnNO, 



1 1 


0 


Specification No.: 


MIL-D-3824 


Spec, covers two grades differing in granulation. 


237.11 

needles 

yellow-red 

(Spec) 0.35 ± .15 


Molecular Weight : 

Crystalline Form: 

Color : 

Density, g./ml. : 

Apparent Density: 

Coefficient of Thermal Expansion : 

Heat of Formation : 

Free Energy of Formation : 

Entropy : 

Melting Point: 

Spec, grade II, min.: 

Heat of Fusion: 

Boiling Point: 

Heat of Vaporization, Real. /mole at 25°C and 1 atm. : 28.4 ± 0.7 
Entropy of Vaporization, vapor at 1 atm., 


443°K (170°C) 
442°K ( 169*0 


cal. /mob/ 0 C : 

Heat of Sublimation : Kcal./mole : 
Heat Content or Enthalpy : 

Heat Capacity: 

Decomposition Temperature : 

For TGA see Ref. 80 
Decomposition Products: 


52.87 : 
30.85 


0.30 


i7 apor Pl easure : logioP (cm Hsr) 

a .= - 6740 ; b = 13.435 ± 0.036 ; T =-r ahs temp. 
Energy of Activation for Volatilization (97% purity). 
Real.. /mole at 297-37fi°C : 19.6 

X-Ray Crystallographic Data: 

Hygroscopicity : 


88V14 

84 


84 


Addnl. Ref. 3 

Addnl. Ref. 1 
Addnl. Ref. 1 


Addnl. Ref. 1 
80 
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1-Meihylauiinoanthraquinone (page 2) 

Solubility Data: 

In water, g./lOO mi. at 25°C: <.0002 Addnl. Ref. 5 

at 80° C: 0.00055 

In alcohol (abs.) at 60°C : 14.96 g./l. 92, 88V14 I, 

84 

; In CHClj, hot dil. HC1, glacial acetic acid : soluble 

In benzene: soluble, red 

In fuming H 2 S0 4 : soluble, light yellow 

Health Hazard : toxicity unknown 92, 93 

' Spec, requires each container be conspicuously labeled, "Caution — Avoid 

j Skin Contact or Breathing of Dust or Fumes. Use with Adequate Ventila- 

tion.” 

! Safety Classifications: 

OSM : not listed 

ICC : not listed 

| Fire and Explosion Hazard : 

j Electrostatic Sensitivity: 

j Use in Pyrotechnics: I to color smoke 

! mixtures red 

i Additional References : 

i 1) “Vapor Pressures of Some Dispersed Dyes,” R. S. Bradley et al.. Nature 

| 178, 998 (1956) 

! 2) “The Dyeing Phenomena of Acetate Artificial Silk,” V. Kartaschoff and 

| G. Farinc, Helv. Chim. Acta. 11, 822 ( 1928) 

3) “A Radioactive Ionization Gauge and Its Application to the Measure- 
ment of Latent Heat of Vaporization,” J. H. Benyon and G. R. Nichol- 
son, J. Sci. Instruments S3, 376 (1956) 

j 4) For Absorption Spectra see Ref. 66 

j 5) J. Soc. Dyers Colourists 70, 68-77 (1954) 

I 
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MOLYBDENUM, Mo 

Refs. 


Molecular Weight: 

95.95 


V. 

Crystalline Form: 

cubic 

1A 

i 

Color: 

silvery-white metal. 


I 


grey-black powder 

1A 

■i 

Density: 

(solid) 10.22 

94 



10.24 

66A 

'i 


9.01 

31A 


Coefficient of Thermal Expansion, linear : 



| 

Temp, °C 

Coeff. X 10* 

94 

4 

\ 

20-149 

5.43 


> 

20-482 

5.19 



20-649 

5.36 


• 

20-982 

5.80 



20-1816 

6.28 


I 

20-1593 

6.G5 




4.9 

50V9 

l 

L = U [I + (5.01t + 0.00138t>) X 10-*] 


% 

at 20°C: 

4 x 10-* 

31A 

f ' 

See also Refs. 49A (curve of temp. vs. coeff.) , 66A, and Addnl. Refs. 



Heat of Formation, Kcal./mole at 298°K: 

(g) -155.5 

9, Addnl. 

i 


Ref. 1 


Free Energy of Formation, Kcal./mole at 298°K : ( g) -144.2 I 

9, 31A 


Entropy, cal./deg./mole at 298°K: 

(g) 48,462 

9 



(c) 6.83 

5,9,94,97 



a. HEAT CONTENT AND ENTROPY OF Mo (c, 1) 
(Ease, crystals at 298.15°K) 


H t - H n g.ig St — Ssm.11 


T, °K 


H t - Hns.is 


St — S 2 M. 1 B 




cal./mole 

cal./deg. 

mole 


ca’../mole 

cal./deg. 

mole 

400 .. . 


595 

1.71 

1900 

11,200 

12.27 

500 .. . 


1205 

3.06 

2000 

12,040 

12.70 

600 .. . 


1825 

4.20 

2100 

12,900 

13.12 

700 .. . 


2460 

5.17 

2200 

13,770 

13.53 

P'V) . . . 


3100 

6.02 

2300 

14,670 

13.92 

900 .. . 


3750 

6.79 

2400 

15,580 

14.31 

1000 . . . 


441C 

7.49 

2500 

16,510 

14.69 

1100 . . . 


5090 

8.13 

2600 ..... 

17,460 

15.06 

1200 . . . 


5790 

8.74 

2700 

18,420 

15.42 

1300 . . . 


6510 

9.31 

2800 

19,400 

15.70 

1400 . . . 


7250 

9.85 

2890 (c) . . . 

20,290 

16 09 

1500 . . . 


8000 

10.38 

2890 (1) ... 

26,940 

18.39 

1600 . . . 


8780 

10.88 

2900 

27,040 

18.43 

1700 . 


9670 

11.36 

3000 

28,040 

18.77 

1800 . . . 

• 

10,380 

11.82 





Mo (c) : 

• H m .„ = 5.18T + 0.83 x 10-*T ? - .618 (0.5 percent ; 298-2890°K) 
3 5.18 + 1-66 X 10"*T 


Molybdenum, Mo (page 2) 


H t - H„s.ib 

Mo (1) : 

= 10.00T - 1960 (0.1 percent; 2890-S000°K) 

b. HEAT CONTENT AND ENTROPY OF Mo(g) 

(Base, ideal gas at 298.16*K) 

4 

T, °K 

Hr - H***.i B 

Sr-SfM.ig 

T, °K 

H t - H M( , a 

St — S 298, IS 


cal./mole 

cal./deg. 


cal./mole 

cal./deg. 



mole 



mole 

400 . . 

505 

1.46 

1500 

5975 

8.03 

500 . . 

1005 

2.57 

1600 ..... 

6470 

8.36 

600 . . 

1500 

3.48 

1700 

6975 

8.66 

700 . . 

1995 

4.24 

1800 

7475 

8.94 

800 . . 

2495 

4.91 

1900 

' 7980 

9.22 

900 . . 

2990 

5.49 

2000 

8490 

9.48 

1000 . . 

3485 

6.01 

2200 

9530 

9.97 

1100 . . 

3985 

6.49 

2400 

10,600 

10.44 

1200 . . 

4480 

6.92 

2600 ..... 

11,710 

10.88 

1300 . . 

4980 

7.32 

2800 

12,880 

11.31 

1400 . . 

5475 

7.69 

3000 

14,115 

11.74 



Mo (g) : 



Ht — H 298. IB 

= 4.97T - 1482 (0.1 percent ; 298-1800°K) 


4 

Ht-Hms.ib 

= 3.56T + 0.40 X 10~*T 2 - 280 (0.2 percent; 1800-3000°K) 


C p = 3.56 + 0.80 X 10^T 





Ht-H 2 # 8 .18 

= 5.48T + 0.65 x 10 ^-1692 (± 1 percent ; 298-1800°K) 

94 

Cp = 5.48 + 1.30 X10-*T 




24A, 94 

Melting Point, °C: 


2620 ± »0 


1A, 27. 31A 

Heat of Fusion, cal./mole at 2890°K : 

6.6 ± 0.7 


97, 31 A 

Boiling Point, C C: 


4800 


1A 




4825 


31A 


Considerably higher values are also given. 
See Vapor Pressure 
Heat, of Vaporization, Kcal./mo'e : 

Transition Point, °K: 

Heat of Transition, Kcal./mole: 

Heat of Sublimation, Kcal./mole at 298° K : 
Heat Content or Enthalpy, cal. /mole at 298°K : 

See Tables a and b 
Heat Capacity, cal./deg./mole : 


See Tables a and b 


128.42 

117.4 

121.0 ± 9.0 

2883 

5.8 

157.5 

(solid) 1092 

(solid) 6.61 (liquid) 10.00 
6.29 

(gas) 4.968 at 25° 


31A 

94 

97 

1A 

1A 

5 

5 

31A 
5, 31A 
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Molybdenum, Mo (page 3) 

Decomposition Temperature : 


oxidized to MoO« at 
red heat 


Decomposition Products: 
Vapor Pressure : 


Press, atm. 

3.9 X 10-“ 

1.7 X lO^ 5 

8.6 X 10- 4 

1.8 X 10' 1 

1.0 

Temp. °C 

1727 

2610 

3227 

4727 

5560 


log P mra . = - 31.060T- 1 - 0.2 log T 9.41 (bet. 298°K and M.P.) 


1 mm. at 3102°C 

See also Refs. 64V1 and 66A 
X -Ray Crystallographic Data : 

System Space Group a Molecules/Unit Cell 

cubic Og 3.1403 at 20° 2 

3.1468 at 25° 


Hygroscopicity : 

Solubility Data : Not attacked by water, dilute acids, or coned. HC1. Practically 
insol. in alkali hydroxides or fused alkalies. Sol. in hot coned. HNO a , hot 
coned. H,S0 4 , in fused KCIO. or KNO». 

Ref. 94 gives some corrosion data in several acids. 


Health Hazard: 

M.A.C., mg./m.*: 
Safety Classifications: 
OSM: 

ICC: 


probably slight 
15 

not listed 
not listed 


Fire and Explosion Hazard : moderate 

Dust may react explosively with air. Sub-200 mesh dust has little or no 
explosive hazard. In fighting fire use powdered graphite, dolomite, sodium 
chloride, etc., not water. 

Heat of Combustion, cal./g. : 1810 

Electrostatic Sensitivity : 

Use in Pyrotechnics: as a fuel 


29 


94 


97 

12 


Addnl. Ref. 1 
49A 

29, 1A 


12 

12 


12,96 


49A 


Additional References: 

1) “Molybdenum,” L. Northcott, Academic Press, Inc., New York (1956) 

2) Ref. 49A 

3) Ref. 64V1 


MOLYBDENUM TRIOXIDE, MoO s 

Refs. 

(Molybdic Anhydride, 

Molybdite) 


Percent Oxygen: 

33.34 


Specification No. : 

not listed 


Molecular Weight: 

143.95 


Crystalline Form: 

rhombic 

1A 

Color : 

white to yellowish or 
colorless 

1A 

Density, g./ml. : 

(solid) 4.50 atl9.5°C 

1A 


4.692 at 21°C 

29 

Coefficient of Thermal Expansion, cubic: 

21-78°C 7 X 10-" 

78-195°C 5 X lO’ 5 
195-273°C 3 X lO* 

44S53 

Heat of Formation, Kcal./moie at 298°K : 

(c) -180.33 

1A, 9 


-178.2 ± 1.5 

97 

Free Energy of Formation, Kcal./mole at 298°K : (c) -161.95 

1A, 9 

a. HEAT AND FREE ENERGY OF FORMATION OF Mo0 3 (c, 1) 

4 


T, °K A H (cal. /mole) iF° (cal./mole) 


298.16 .... 

-180,300 (± 1500) 

-162,000 (± 1600) 

400 

-180,100 

-155,700 

500 

-179,700 

-149,600 

600 

-179,200 

-143,700 

700 

-178,700 

-137,800 

800 

-178,200 

-132,000 

900 

-177,600 

-126,200 

1000 

-177,000 

-120,600 

1068 

-176,600 

-116,700 

1068 

-164,600 

-116,700 

1100 

-164,200 

-115,200 

1200 

-163,000 

-110,800 

1300 

-161,800 

-106,500 

1400 

-160,600 

-102,300 

1500 

-159,500 

-98,200 


Free Energy Equations: 



Reaction 

Range of Validity, °K 


1) Mo (c) + 3/2 0 2 (g) =Mo0 3 (c) 

298.16-1068 

2 

A F£ — - 182,650 - 8.86T log T - 1 .55 X 10 *T 2 -f 1.54 X 10 S T 1 -(-90.07T 


2) Mo (c) + 3/2 0 2 (g) = MoO s (1) 

1068-1500 


iFj = - 179,770 - 36.34T log T -f 140 X lO’T 2 

-0.30 x 10 5 T l + 167.61T 


Entropy, cal./deg./mole at 298°K : 

18.68 

1A, 9 
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Molybdenum Trioxide, MoO t (page 2) 

b. HEAT CONTENT AND ENTROPY OF MoO» 

(c, 1) 

4 

T, °K 

Ht - Hms, js 

St — 

T, °K 

Ht - H298.15 

St — S 268 . 1 B 


cal./mole 

cal. /deg. 


cal./mole 

cal. /deg. 



mole 



mole 

400 . . . . 

1935 

5.56 

1068 (c) . . 

17,670 

28.26 

500 ... . 

4035 

10.24 

1068 (1) . . 

30,170 

39.96 

600 ... . 

6260 

14.30 

1100 .... 

31,200 

40.92 

700 . . . . 

8570 

1786 

1200 .... 

34,400 

43.70 

800 . . . . 

10,940 

21.02 

1300 .... 

37,600 

46.26 

900 ... . 

13,390 

23.91 

1400 .... 

40,800 

48.63 

1000 . . . . 

15,920 

26.57 

1500 .... 

44,000 

50.84 


MoOg (c) : 

H t - Ha,* , s = 20.73T -f 2.59 X 10*T a + 4.18 X lO^T 1 - 7813 (0.1 percent ; 298-1068°K) 
C, = 20.73 + 6.18 X 10~*T - 4.18 X lO'T- 2 


MoO* (1) : 

H t - Hjgg !g = 32.00T - 4000 (0.1 percent ; 1068-1500°K) 

Melting Point, °C: 795 

797 


Melts to a dark yellow liquid, which solidifies to a yellowish-white crystal- 


line mass. 

Heat of Fusion, Kcal./mole: 11.91 

12.54 

Boiling Point, °K : 1530 ± 50 

The following values are also given : 

1100°C 

1428°K 

Heat of Vaporization, Kcal./mole: 33 

Temperature of Sublimation, °K: (gas) 973 

volatile above 500°C 
sublimes about 700°C 

Heat of Sublimation, Kcal./mole at 691°C : 65 


68.1 


Heat Content or Enthalpy: 

See Table b 

Heat Capacity, cal./deg./mole: (liquid) 32.0 

See Table b 

Decomposition Temperature: 

For DTA see Ref. 33 

Decomposition Products: 


1A, 24A 
Addnl. Ref. 2 


2 

8 

6,8 

24A 

41 

9, 41 


52 

94 

9 41 

Addnl. Ref. 3 


2 
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Molybdenum Trioxide, MoO s (page 3) 
Vapor Pressure: 


Press, mm. 

.009 

0.05 

0.30 

1.75 

10.1 

23.4 

105.1 

288.3 

476.2 

760 

Temp. °C 

610 

650 

700 

750 

800 

850 

950 

1050 

1100 

1155 


298°K to M.P. : log p mm . = - 15,230 - 4.02 log T + 27.16 
M.P. to B.P. : log p 1Dm . == 12.480T' 1 - 4.02 log T + 24.60 
X-Ray Crystallographic Data: 

System Space Group a Molecules /Unit Cell 

cubic V}, 6 3.14103 at 25° 4 

Hygroscopicity : 

Solubility Data: 

In water, g./lOO ml. at 18°C: 

at 70°C: 

In acids, NH,OH, alkalies, sulfur : 

In acids after strong ignition : 

Health Hazard: 

L.D., g./kg. : 

Safety Classifications : 

OSM: 

ICC: 

Fire and Explosion Hazard: 

Electrostatic Sensitivity . 

Use in Pyrotechnics : Product of the burning of Mo and some of its compounds. 


0.1066 

2.055 

soluble 

very slightly soluble 
probably slight 
400 

not listed 
not listed 


44853 


24A 

24A 


18, 44S53 


1A 


29 

12 

29 


Additional References: 

1 Ref. 7 

2) C.A. 53 , 20992 (1969) 

3) C.A. 45,13396 (1954) 


213 




NICKEL, Ni 

Specification No.: JAN-N-412A 

The standard A.S.T.M. grades of virgin nickel are: 


Electrolytic 
Xshot 
A shot 
Ingot 

Molecular Weight: 

Crystalline Form : 

Color : 

Density, g./ml.: 

Coefficient of Thermal Expansion, 16-250°C : 
Temperature °C 
-19 to + 16 
40 

375-1000 

25-100 

Heat of Formation, Kcal./mole at 298°K : 

Free Energy of Formation, Kcal./mole at 298°K : 
Entropy, cal./deg./mole at 298°K: 

See Tables a and b 
Melting Point: 

Heat of Fusion, cal./mole: 

Boiling Point: 

Heat of Vaporization, cal./mole: 

Transition Point: 

Heat of Transition, cal./mole : 

Heat of Sublimation, cal./mole at 298°K: 

Heat Content or Enthalpy, cal./mole: 


99.5% Ni 
98.9% Ni 
97.75% Ni 
98.5% Ni 

58.71 

cubic 

silvery metal 
(solid) 8.90 
13.97 x 10 ® 

Coe ff. 

10.12 X 10'® 

12.79 X 10 ® 

13.46 X 10'® 

12.9 X 10 ® 

(gas) -101.260 
(gas) -90.413 

(gas) 43.52 
(solid) 7.14 

1728°K (1455°C) 

4210 

3110°K (2837°C) 
88,870 

a to ^ at 633°K (360°C) 
a to/3,0 
101, 260 
(solid) 1144 
(gas) 1631 


See Tables a and b 

a. HEAT CONTENT AND ENTROPY OF Ni (c, 1) 
(Base, crystals at 298.15°K) 
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Refs. 


16 


5 

5 

1 

4,5 

5 

5 

4 

4 

5 
5 


T, °K 

Hf - Hnin.18 

cal./mole 

St - Sl98.15 
cai./deg. 
mole 

T, °K 

Hr — 

^al./mole 

S r — Sins 15 

cal./deg. 

mole 

400 .... 

665 

1.91 

900 .. . 

4445 

8.03 

500 .... 

1380 

3.51 

1000 . . . 

5210 

8.84 

600 ... . 

2180 

4.96 

1100 . . . 

5985 

9.58 

633 (a) . . 

2460 

5.42 

1200 . . . 

6780 

10.27 

633 (/?) . . 

2460 

5.42 

1300 . . . 

7600 

i0.93 

700 .... 

2940 

6.14 

1400 . . . 

8450 

11.56 

800 .... 

3690 

7.14 

1500 . . . 

9320 

12.16 


1 

‘ 1 


Nickel, Ni (page 2) 


T, °K 


Ht - H 2i . 3 .ljy 

cal. /mole 


St — Sjos.is 
cal. /deg. 
mole 


10 

2 

11 

1 

11 

3 

15 

5 

16 

2, 

18 

0 



T, °K 

Ht - H 2 98.15 

cal./mole 

St - S 2 98.!5 
cal./deg. 
mole 


19,910 

18.08 


21,750 

18.88 


23,590 

19.62 

2800 .... 

25,430 

20.30 | 

3000 .... 

27,270 

20.93 ! 

3200 .... 

29,110 

21.52 | 



Ni ( a ) : 

Enthalpy : H T - H*. 8 . 18 = 4.06T + 3.52 X 10 S T 2 - 1523 (0.3 percent ; 298-633°K) 
Heat Capacity: C p ~ 4.06 + 7.04 X 10®T 

Ni (fi ) : 

Enthalpy: H t -H 298 . 18 = 6.00T + 0.90 X 10' 8 T 2 -1701 (0.2 percent; 633-1725°K) 
Heat Capacity: C„ = 6.00 + 1.80 X 10 *T 

Ni (1) : 

Enthalpy: H T -H 2#8 . 18 = 9.20T- 330 (0.1 percent; 1725-3200°K) 

b. HEAT CONTENT AND ENTROPY OF Ni (g) 
(Base, ideal gas at 298.15°K) 


T, °K Hr ~ H 2 *8 is St— S 2 98.15 T, °K Ht — H 2 g8.1B 

cal./mole cal./deg. cal./mole 

mole 


>0 575 1.66 1900 9310 

0 1150 2.94 2000 9865 

0 1740 4.01 2200 10,970 

'0 2335 4.93 2400 12,065 

0 2930 5.73 2600 13,155 

0 3525 6.43 2800 14,235 

0 4120 7.06 3000 15,310 

0 4715 7.62 3500 17,985 

0 5300 8.13 4000 20,665 

0 5885 8.60 4500 23,370 

0 6465 9.03 5000 26,135 

0 7040 9.43 6000 31,940 

0 7615 9.80 7000 38,305 

0 8185 10.14 8000 45,415 

0 8750 10.46 


Ni (g) : 

Enthalpy: H T - H 2WM8 = 5.99T + 0.36 X 10 5 T 1 - 1907 ( 0.3 percent ; 298-1 000°K) 
Heat Capacity : C P ~. 5.99 - 0.36 X 10 B T 2 

Enthalpy : H T - H m . 18 = 6.07T - 0 11 X 10 8 T 2 - 4120 (0.4 percent ; 1000-1500 o K) 
Heat Capacity : C„ ^ 6.07 - 0.22 X 10 S T 


St - S 29 g. is 
cal./deg. 
mole 










Nickel, Ni (page 3) 

Heat Capacity, cal. /deg./mole at 298°K : 


(solid) 6.23 
(liquid) 9.20 
(gas) 5.58 


c. HEAT CAPACITY OF Ni 
(Solid, 298-1728°K ; liquid, 1728-3000°K) 


T, °K 

c; 

(cal./deg./mole) 

. _r ■ — — 

298 


6.23 


500 


7.47 


800 


7.44 


1200 


8.16 


1600 


8.88 


1700 


9.06 


1800-3000 


9.20 


See equations above 




Decomposition Temperature: 




Decomposition Products: 


— 


Vapor Pressure: 




Press, mm. 1 10 

40 

100 400 760 

M.P. 

Temp. °C 1810 2057 

2234 

2364 2603 2732 

1452 

X-Ray Crystallographic Data : 



Atoms/ 

System Space Group 

a c 

Unit Cell 

(«) hexagonal D* h 


2.65 4.32 

2 

(p) cubic Oj; 


3.517 

4 


Hygroscopicity : Nonhygroscopic. Not affected by water. 

Solubility Data : 

In water, fused alkalies or NH S : insoluble 

In dilute HNO,: soluble 

In HC1 or H 2 SO« : si ightly soluble 

Health Hazard : Exposure to nickel may cause dermatitis (Nickel itch) in sensi- 
tive individuals. Ingestion of large amounts (even 1-3 mg./kg. of body 
weight) causes nausea, vomiting, diarrhea, depression of the central ner- 
vous system, and myocardial damage. Its health hazard is, however, con- 
sidered slight. 

M.A.C., mg./m.* : 0.5 

Safety Classifications: 

OSM : class 2 

ICC: Listed under “Explosives and Other Dangerous Materials." Classed 
as a flammable solid ; red label. 


4, 5 
5 


29 

1,29 


12,25, 29 


25 
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Nickel, IN i (page 4) 


Fire and Explosion Hazard: Ni dust is explosive and a dangerous fire hazard. | 18, 14,49 
It has an ignition temperature above 700°C, and burns with intense heat. 

When compounded with oxidizing agents the powdered metal is a danger- 
ous lire and explosion hazard. It decomposes steam at red heat. The amount 
of powdered metal which may become involved in a fire should be strictly 
limited. Fires mu3t not be fought with ordinary streams of water because 
of the danger of liberating large quantities of hydrogen gas. Fires involving 
small amounts of powdered Ni may be fought with fog nozzles or special 
extinguishing powders. 

In the repair or maintenance of buildings or equipment, powder or 
dust should be reduced and nonsparking tools used. Store and process only 
in rooms or buildings adequately ventilated at the highest point. 

i Electr ostatic Sensitivity : not ignited by electric 

’ sparks 

\ Use in Pyrotechnics : as a fuel 

| 


! 

f 


j 


i 




Refs. 


NITROCELLULOSE (12.6% N) 

(Cellulose Nitrate, Pyrocellulose, Pyro, Nitro Cellulose, Nitrocotton) 

Formula : [C,H l0 . T O*.« (0N0.) x] „ 

Where x = no,, of 0NO 2 groups and n = degree of polymerization. For 
.. 12.6% N, x — 2.45. 

Specification No.: JAN-N-244 

The spec, lists four grades of which Grade A, with 12.60 ± 0.10% N, is 
used for pyrotechnics. 

Molecular Weight: Variable, approx. 0.42 lo 0.78 X 10 8 or 272.3 n (calculated 
from formula) 

Form: Cotton-like fibrous solid or amorphous powder (when cut up or beaten). 
Color : white 

Density, g./ml: (solid) about 1.66 

Coefficient of Thermal Expansion, linear : 9-16 X 10" B 

Heat of Formation, caL/g. -617 

Free Energy of Formation: 

Entropy : 

Melting Point: Decomposes. In a vacuum melts at approx. 473°K (200°C) 
before exploding. 

Heat of Fusion: 

Boiling Point: decomposes 

Transition Point : 

Heat of Sublimation: 

Heat Content or Enthalpy : 

Heat Capacity : 

Decomposition Temperature: See Addnl. Refs. 1, l, 3, 4 
For DTA see Ref. 33 

Decomposition Products: Depend on conditions of decomposition. 

Vapor Pressure: 

Press, mm. 0.0 0.0 

^fem p. °C 25 60~ 

X-Ray Crystallographic Data: 

System Space Group a b c 
monoclinic 13.9 25.6 9.0 

Hygroscopieity, g. H-O/100 g. N.C. : 


or more roughly 14.6- N % nitrogen 
at 30° and 90% R.H., % : 


for cellulose trinitrate 
(x — 3) 

Molecules / 
Axial Angle Unit Cell 
fi = 90 c ’ 

334.3-23.65 N 
— 30 TTN— (approx.) 

3 


Addnl. Ref. 1 


1 

Addnl. Ref. 1 

31 

13 


Addnl. Ref. 2 


13 


Addnl. Ref. 1 

Addnl. Ref. 1 
13 
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Nitrocellulose (12.6% N) (page 2) 


Solubility Data: Numerous substances dissolve or more accurately disperse 
pyrocellulose. Among these are acetone, ether-alcohol (2:1), fatty acid 
esters, nitro compounds, and organic nitrates, 
i water, ether, and benzene : insoluble 

Safety Classifications: 

OSM : Class 12 when wet with 8-30% water. 

ICC: Listed under "Explosives and Other Dangerous Materials,” as a 
high explosive when dry and as a flammable liquid when dispersed 
in a solvent ; red label. 

Fire and Explosion Hazard : Dry nitrocellulose is extremely sensitive to shock 
ard friction, and very dangerous when ignited, even in the open, or when 
heated with oxidizing agents, Dry nitrocellulose burns in an instantaneous 
flash. Wet nitrocellulose is less hazardous. Nitrocellulose when impure is 
subject to spontaneous ignition. Storage of dry nitrocellulose is not per- 
mitted as it has all the hazards of a sensitive and easily ignited high 
explosive. It is stored wet (25-30% water) in zinc-lined boxes or metal 
drums. Must contain not less than 20% moisture by weight when shipped. 
Caution : keep away from heat and open flame. 

Flash Point, closed cup, °F • 40 

Impact Sensitivity, 2 kg. wt. : 

Bur. of Mines Apparatus, cm.: 8 (10% point) 

Sample weight, mg.: 3 (10% point) 

P.A. Apparatus, in. : 5 

Explosion Temperature Test: 

5 second point 170°C with decomposition 

Electrostatic Sensitivity : Readily accumulates static charges when dry. 


Addnl. Ref. 1 


Volatility at 60°C, micrograms/cm. 2 /hr. : 


Oxygen Balance to CO a , % : 

-35 

to CO, % : 

0.6 

Vacuum Stability Test, 5 g. sample 


~Timp>C 90 

100 120 

cc. 40 his. 0.17 

1.0 

cc. 16 hrs. 

11 + 


12, 14 


12 

13 


13 

14 
13 


200 Gram Bomb Sand Test, 0.4 g. sample 

Grams sand crushed to pass a 30-r,iesh sieve : 45.0 
Sensitivity (initiator required for complete detonation) 

Lead azide: 0.10 g. 

Heat of Combustion, cal,/g. : 2409 

Heat of Explosion, cal./g. : 855 

Gas Volume on Explosion, cc./g. : 919 

Second Order Transition Temperature, °C : (approx.) 66 

(nitrogen content not mentioned) : 

Use in Pyrotechnics : For coating compositions to reduce the penetration of 
moisture, and as a bonding agent. 


59 
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219 


i •] 


Mftroeeiluloee (12.6% N) (page 3) 

Additional References : 

1) “Cellulose Nitrate,” F. D. Miles, Oliver and Boyd, London and Edin- 
burgh. Interscience Publishers, Inc., New York (1855) 

2) "The Spontaneous Ignition of Nitrocellulose,” E. K. Rideal and A. J. B. 
Robertson, Third Symposium on Combustion and Flame and Explosion 
Phenomena, The Williams & Wilkins Company, Baltimore (1949) 

S) “Cellulose and Cellulose Derivatives,” E. Ott et al., Eds., Interscience 
Publishers, Inc., New York (1954-55) 

4) “The Kinetics of Thermal Decomposition of Nitrocellulose? R. W. Phil- 
lips et a)., J. Phy. Chem. 59 , 1034 (1955) 




PARLON 

(Chlorinated Rubber, Tornesit, Alloprene. Parlon i» trademarked 
by Hercules Powder Co.) 


CH, 


Refs. 

59 


Formula: Rubber chlorinated polyisoprene [- CH 2 - C = CH - CH a ] r chlori- 
nated approximately 67 % Cl by weight. 

Chlorination of rubber results in a complete reaction. There is not only 
addition and substitution of chlorine but also cyclization along the polymer 
chains. The theoretical chlorine content for the completely chlorinated iso- 
prene unit, C 0 H e Cl 4 , is 68.5%. Parlon is marked in five viscosity types. 
Stabilized Parlon usually contains 1% of an epoxy compound as a stabilizer 
to improve resistance to heat, ultraviolet light and moisture. Sunlight 
causes discoloration and embrittlement in unpigmented, unstabilized Alms. 
Parlon is resistant to dampness, soaps, molds, and mildew. 

Molecular Weight : Variable (high) depending on viscosity. 

Crystalline Form: Coarse amorphous inelastic powder; poorly crystallized, 
granular powder. 

Color : white ( color of film, 

water-white) 

Density, g./ml.: (solid) 1.56 (also given sa 

1.64 and up) 

Coefficient of Thermal Expansion : 12-13 X 10"* 

Heat of Formation: 

Free Energy of Formation : 

Entropy: 

Melting Point, softening point of film: 413°K (140°C) 

Heat of Fusion: 

Boiling Point : 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature: 

Effect of dry heat on film (continuous exposure) stable up to 125°C. Appre- 
ciable decomposition at 135°C. 

Decomposition Products : 

Vapor Pressure : 

X-Ray Crystallographic Data : 

Hygroscopicity : Moisture content as shipped is less than 0.5%. 

Absorbs little moisture on storage . 

Moisture absorption at 80% R.H. in 24 hr., % : 0.14 

Water vapor transfer of free film, g./lOO sq. in./mil. in 24 hr. at 95°F and 

100% R.H. . 1.0 


Addnl. Ref. 1 

59, 60, Addnl. 
Refs. 1, 2 
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Parlon (page 2) 


Solubility Data: Soluble in CCh, esters, aromatic hydrocarbons, and ketones. 
Unaffected by strong or weak acids or alkalies, salt spray, aliphatic alco- 
hols, and aliphatic hydrocarbons. Insoluble in acetone alone. 

Health Hazard: nontoxic 

Safety Classifications : 

OSM : not listed 

ICC : not listed 

Fire and Explosion Hazard : Nonflammable. Will ignite in the flame of a bunsen 
burner, but the flame to selfextinguishing. On burning, it melts, gives off 
bubbles of gas and chars. 

Electrostatic Sensitivity : 

Use in Pyrotechnics : As a color intensifier and binder. Used in rapid drying 
paints. 

Additional References: 

1) “Parlon, Properties and Uses,” Hercules Powder Co., Inc., Wilmington, 
Del. (1957) 

2) “Rubber, Polyisoprenes, and Allied Compounds. Part IV. The Relative 
Tendencies towards Substitutive and Additive Reaction during Chlori- 
nation,” G. F. Bloomfield, J. Chem. Soc. 1HS, 289 


59, 60, Addnl. 
Ref. 1 


59,60 


59, 60, Addnl. 
Ref. 1 




PHOSPHORUS, P 4 (yellow), P (red) 


Specification No.: yellow, P 4 JAN-P-211 

stabilized red, P JAN-P-670 

The spec, covers two grades, A and B, which differ in purity and granu- 
lation. 

Molecular Weight: (yellow, P 4 ) 123.90 

(red, P) 30.974 

Crystalline Form and Color : The yellow or white is cubic in form ; the red or 
reddish brown, cubic or triclinic in form ; the violet, monoclinic. 
Phosphorus occurs in four allotropic forms: yellow or white, red, black, 
and violet. Yellow (white) phosphorus varies in color from almost colorless 
to pale yellow. It is a waxlike solid which phosphoresces in the dark with 
a greenish light and gives off white fumes. It ignites spontaneously in air. 
Phosphorus is produced directly from phosphate rock in the electric fur- 
nace. When distilled at 290°C, the red modification yields white phosphorus. 
At 600-800°K, liquid white phosphorus is rapidly converted to red phos- 
phorus ; at 704~3000°K, the gas is mainly in the diatomic form ; below 704° 
it is in the tetratomic form. Black phosphorus resembles graphite in tex- 
ture. It is produced from white phosphorus under high pressure. Phos- 
phorus, Red. Spec. No. 51 P, 37, and Phosphorus, Red, stabilized, Spec. 
JAN-P-670 are the two types of red phosphorus used in pyrotechnics com- 
positions. Red phosphorus is a reddish-brown powder. Stabilized red phos- 
phorus is less sensitive and hence slightly less of a fire hazard. 


Density, g./ml.: 

Coefficient of Thermal Expansion, linear, 0-44°C : 
Heat of Formation, Kcal./mole at 298°K : 

Free Energy of Formation, Kcal./mole at 298°K : 


Entropy, cal./deg./mole at 298°K: 

See Tables a to e 
Melting Point: 


Heat of Fusion, cal./mole: 
Boiling Point : 


(solid) yellow, 1.82 
red, 2.20 
black, 2.70 
124X10-* 

(gas) 75.18 

(gas) 66.71 
white (c) 0.000 
red (c)~4.4 
black (c) -10.3 

white (c) 10.6 
red (c) 5.46 

white («) 317.4°K 
(44.3°C) 

red, 870°K (597°C) 
white, 150 

white, 554°K (21«°C) 
red, 280°K (7°C) 
(ignites in air) ' 


1,5 

1, 5, 16, 29, 
Addnl. Ref. 1 


Phosphorus, P< (yellow), P (rod) (page 2) 
Transition Points and Heats of Transition : 



Form 

Temp, of Transition 

Heat of Transition 

Initial 

Final 

°K 

Kcal./mole 

c, IV 

C.III 

30.31 

0.0197 

c,iii 

c,II 

49,44 

0.186 

c,n 

c,I 

88.12 

0.116 


I = black, II — red, III and IV = white 


( 0 -white transforms to a-white at -76.9°C) 

Heat of Sublimation, cal./mole at 298°K: (white to P 4 gas) 14,100 

(red to P 4 gas) 30,820 
(P» gas) 42,725 
(P gas) 79,800 


Addnl. Ref. 2 
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a. HEAT CONTENT AND ENTROPY OF P (red) 


4 


(Base, crystals at 298.15°K) 


T, °K 

H* — Him.is 
cal./mole 

S T — S 298.15 
cal./deg. 
mole 

T, °K 

Hr - Hjsg js 

cal./mole 

St — S2s8.11; 
cal./deg, 
mole 

400 

620 

1.79 

700 .... 

2690 

5.62 

500 

1270 

3.24 

800 .... 

3440 

6.62 

600 

1970 

4.51 





P (red) : 

Enthalpy : H T - H »,., 8 = 4.74T + 1.95 X MHT* - 1587 (0.3 percent ; 298-800°K) 
Heat Capacity : C, = 4.74 -f 8.90 X 10 *T 


b. HEAT CONTENT AND ENTROPY OF P 4 (white, 1) 
(Base, crystals at 298.15°K) 


T,°K 

Ht-Hjss.ib 

cal./mole 

St — Ssss.ib 

cal./deg. 

mole 

T, °K 

H t H 298. 15 
cal./mole 

St — S 2 B 8 .IS 

cal./deg. 

mole 

817.4 (c) . . 

434 

1.41 

370 .... 

2270 

6.90 

817.4 (1) . . 

10S4 

3.30 

400 .... 

2975 

8.74 

350 

1800 

5.60 

1 




P 4 (white) : 

Enthalpy: H*-H m . 1(l =22.50T - 6708 (0.1 percent ; 298-31'M°K) 
Heat Capacity : C p —22.50 ; A H » lT-4 (fusion) — 600 

P« 0) : 

Enthalpy: H*- H*m. 1# =23.50T-6425 (0.1 percent ; 314.7^00°K) 
Heat Capacity : C p = 23.50 
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Pho»phoru». F t (yellow), P (red) (page 3) 

c. HEAT CONTENT AND ENTROPY OF P (g) 

(Base, ideal gas at 298.15°K) 

4 

T, °K 

H t — Hjtg.ie 

St - Sass.is 

T, °K 

Ht-Hmb.u 

St “ Sum, is 


cal. /mole 

cal./deg. 


cal./mole 

cal./deg. 



mole 



mole 

400 

505 

1.46 

1900 

7975 

9.21 

500 

1005 

2.57 

2000 

8480 

9.47 

600 

1500 

3.48 

2200 

9500 

9.96 

700 

1995 

4.24 

2400 ..... 

10,535 

10.41 

800 

2495 

4.90 

2600 

11,590 

10.83 

900 

2990 

5.49 

2800 

12,670 

11.23 

1000 

3490 

6.01 

3000 

13,780 

11.61 

1100 

3985 

6.49 

3500 

16,685 

12.61 

1200 

4480 

6.92 

4000 

19,790 

13.34 

1300 

4980 

7.32 

4500 

23,070 

14.11 

1400 

5475 

7.69 

5000 

26,495 

14.83 

1500 . . . . . 

5975 

8.03 

6000 

33,605 

16.13 

1600 

6470 

8.35 

7000 

40,825 

17.24 

1700 

6970 

8.65 

8000 

17,980 

18.20 

1800 

7475 

8.94 

. . 






P(sr): 




Enthalpy: H T - 

Hjmm.is = 4.97T - 

1.482 (0.1 percent; 298-2000°K) 



d. 

HEAT CONTENT AND ENTROPY OF P, (g) 


4 


(Base, ideal gas at 298.15°K) 



T, °K 

H T — H 298, IQ 

St ~ Sms. is 

T,°K 

H t — Rjm.ic 

St - Sms. is 


cal./mole 

cal./deg. 


cal./mole 

cal./deg. 



mole 



mole 

400 

800 

2.31 

1000 

5910 

10.06 

500 

1820 

4.14 

1200 

7660 

11.65 

600 

2450 

5.65 

1400 

6430 

13.02 

700 

3300 

6.96 

1600 

11,200 

14.20 

800 

4160 

8.11 

1800 

12,970 

15.24 

900 

6030 

9.18 

2000 

14,750 

16.18 


p. (k) : 

Enthalpy : H T - H MU , = 8.31T + C.23 X 10'*T S -f 0.72 X lOT " 1 - 2740 
(0.4 percent ; 298-2000°K) 

Heat Capacity : C» == 8.31 + 0.46 X 10 *T - 0.72 X 10*T"* 


Phaiphonu, P 4 (yellow), P (red) (page 4) 


e. HEAT CONTENT AND ENTROPY OF P 4 (g) 


i 

(Base, 

ideal gas at 298.15°K) 



• T, K 

H t - Hjaa.is 

St - Sjss.ia 

T, °K 

Ht - H 29fi. 15 

St — S 298.15 


cal./mole 

cal./deg. 


cal./mole 

cal./deg. 



mole 



mole 

400 

1710 

4.93 

1300 

18,900 

27.21 

500 .... 

3500 

8.92 

1400 

20,860 

28.67 

600 . . . . . 

5360 

12.31 

1500 

22,830 

30.03 

700 

7240 

15.21 

1600 

24,800 

31.30 

800 

9150 

17.76 

1700 ..... 

26,770 

32.50 

900 

11,080 

20.03 

1800 

28,740 

33.62 

1000 

13,020 

22.07 

1900 

30,720 

34.69 

1100 

14,980 

23.94 

2000 

32,690 

35.70 

1200 

16.940 

25.65 






P4 (g) : 




Enthalpy: H T - 

H w ..„ = 18.93T -f 0.43 X 10-*T* + 2.81 X 10 8 T- 1 - 

6625 



(0.2 percent ; 298-1500°K) 

Heat Capacity : C, = 18.93 -f 0.86 X 10 *T - 2.81 X 10*T * 


Heat Capacity, cal./deg./mole at 298°K : 

See tables above 
Vapor Pressure: 


(gas) 4.96 


Press, mm. 

1 

10 

40 

100 

400 

760 

M.P. 

Temp °C (yellow) 

76.6 

128.0 

166.7 

197.3 

251.0 

280.1 

44.1 

(black) 

290 

338 

371 

393 

432 

453 


(violet) 

237 

287 

323 

349 

391 

417 

590 


X-Ray Crystallographic Data: 

System Space Group 

red, black (rhombic) V?. 

(yellow) (cubic) (at36°C) 


3.31 4.38 1050 
7.17 


Unit Cell 
Molecules/ 
8 

16 (4P 4 ) 


(Crystalline and amorphous black and red P give similar X-ray patterns) 
Hygroscopicity, Red P at 70°F and 216 hr. exposure: 


R.H. 

50 

76 

90 

Gain in wt., % 

2.04 

5.0 

11.06 


Solubility Data: 

Yellow or White 
HjO : 0.0003 g./ml. at 15°C 
slight in hot 

Alcohol : 0.3 g /100 ml. 

CS, 880 g./lOO ml. at 10°C 


Red 

very slight 
insol. in hot water 
slight in abs. ale. 
insol. in CS,, ether, NH» 

S 


Phosphorus, P 4 (yellow), P (red) (page 5) 


Benzene : 1 g. in 35 ml. 

CHC1 S : 1 g./40 ml. 

Olive oil: lg./80m). 

Oil of Turpentine : 1 g./60 ml. 

SI. sol. in NH a , alkalies, ether 

Health Hazard : Yellow phosphorus is poisonous even when ingested in small 
amounts. An approximate fatal dose is 50 mg. Phosphorus fumes are also 
very poisonous. External contact may cause severe bums. Long continued 
absorption can cause necrosis of the jaw bone and chronic poisoning. Phos- 
phorus is especially dangerous to the eyes. 

M.A.C. (yellow phosphorus) , mg./m. 8 : 0.1 

Red phosphorus is poisonous on inhalation or ingestion but slower acting 
than yellow phosphorus. It should never be allowed to come in contact with 
the eyes. 

Phosphorus poisoning is detectable in the urine. 

Safety Classifications: 

OSM : Class not specified. As a fire hazard it should be listed in class 1. 
ICC : Flammable solid ; yellow label. 

U.N. Phosphorus, white or yellow, dry, or under water, or in solution is 
classified as an inflammable solid, liable to spontaneous combustion. 

Fire and Explosion Hazard : On exposure to air white phosphorus ( WP) bursts 
into flame and is thus a serious fire hazard. Containers or ammunition con- 
taining WP should be kept below its M.P. or 44.1°C, as pressure may rup- 
ture the container. Phosphorus is preferably stored under water in sealed 
metal vessels enclosed in wooden boxes or metal drums. WP is dangerous 
when heated with oxidizing agents, as it emits highly toxic fumes of oxides 
of phosphorus. Use water to fight fire. Red phosphorus, while less reactive 
than yellow phosphorus, is a dangerous fire hazard. It is easily ignited by 
spark or friction and is dangerous when in contact with organic materials 
or oxidizers. It can ignite spontaneously in air. It emits highly toxic fumes 
when heated. 

Autoignition Temperature, in air, °F: (yellow) 86 

(red, amor.) 500 

Use in Pyrotechnics : As a fuel, in incendiary and smoke compositions. 


12, 29 


14 

12,93 

12 


12, 14 


75, 29 
67, 71 


Additional References: 

1) “Two New Modifications of Phosphorus,” P. W. Bridgman, J. Am. 
Chem. Soc. 36 , 1344 (1914) 

2) “Phosphorus and Its Compounds,” Vol. I, J. R. Van Wazer, Interscience 
Publishers, Inc., New York (1958) 
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PLURONIC F 68 

Following information comes from the Wyandotte Chemicals Corporation, 
Wyandotte, Michigan, manufacturers of Pluronic F 88. 

Pluronic F 88 is a block-polymer prepared by adding propylene oxide to 
the two hydroxy! groups of a propylene glycol nucleus. The resulting hydro- 
phobic base can be made to any desired length, varying from 800 to many 
thousands in molecular weight. By adding ethylene oxide to this hydrophobic 
base, it is possible to put polyoxyethylene hydrophilic groups on the end of the 
molecule. These hydrophilic groups can be controlled in length to constitute 
anywhere from 10 to 90% of the final molecule. The simplified structure can be 
represented as HOtCHj-CH^MCH^dHjO),, (CH 2 -CH 2 0) C H. 


A 


H, 

Pluronic F 68 is a flake with a hydrophobic base molecular weight of 
approximately 1750; 80% of the molecule, by weight, consists of hydrophilic 
polyoxyethylene groups and the remaining 20%, hydrophobic polyoxypropylene 
groups. The total molecular weight of F 68 — 1750 = 8750. 

.20 

pH of 2.5% aqueous solution: 7 

Cloud Point: 

of aqueous solutions in concentrations up to 60.0% : 

> 100°C 

at 70% concentration: semi-solid 

of 10% aqueous solutions at pH 2 and 10 
in 4% NaOH: > 100°C 

40 % concentration: semi-solid 

20% concentration: 26.5° C 

100% concentration: 38.5° C 

1% concentration: 47°C 

Solubility in Organic Solvents at 25°C in g./lOO ml. solvent : 

Samples of 0.1, 1.0, 5.0, and 10.0 g. were dissolved in 100 ml. of solvent 
and observed after 30 min. for any phase separations, turbidity, etc. 

Ethyl alcohol (95%) : > 10.0 

Toluene: 5.0 

Perchlorethylene : insol. 

Kerosene : insol. 

Ethylene glycol: insol. 

Vegetable oil : insol. 

Mineral oil: insol. 

Surface Tension at 25°C, dynes/cm. : 

1.0% solution 41.9 

0.1% solution 45.6 

0.01% solution 49.9 

0.001% solution 54.3 

Using a DuNuoy Tensiometer, samples are in aqueous solutions at the specified 
concentrations. 

Concentration Required for a 25 sec. Draves Sink Time : 

At both 25° and 50°C, the maximum concentration evaluated was 5 g./l. At 
this concentration the sink time was 300 seconds. 

Use in Pyrotechnics: A surface acting agent used as a detergent, emulsifier, and 
wetting agent. 
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POL V CHLOKOThlFLL' O/.tOETHYLE N E 

(Kel-F Brandi Oils and Waxes) 


Ref .<?. 


KEL-F oils and waxes are low molecular weight polymers of chlorotrifllu- 
oroethvlen^ (CF 2 = CFC1) which constitute a homologous series of compounds 
composed of chlorotrifluoroethylene repeating units and terminal chlorine 
atoms. This series is referred to as “whole telemer. ' KEL-F oils and waxes are 
made by Minnesota Mining and Manufacturing Co. 

Formula : C1-(CF 2 -CFC1) X C1 

Specification No. : MIL-M-55028A 

Molecular Weight: From 303 for the lowest boiling (dimeric) component of 
#1 oil to 5-10,000 for the highest melting ingredients of #200 wax. 

Color : All KEL-F oils and waxes are colorless and odorless. In the liquid state 
all products are clear and free from sediment. At room temperature the oils 
are transparent, and the waxes take on a translucent or opaque white 
appearance. 

Specific Gravity: KEL-F oils are comparatively dense, with values approaching 
twice the density of water. The waxes are generally greater than twice the 
density of water ai temperatures less than 25°C. Specific gravity depends 
less markedly on temperature tha.j does viscosity. 

Vapor Pressure: Because of their low heats of vaporization and weak inter- 
molecular forces, the oils and waxes arc characterized by relatively high 
vapor pressures. Values can be calculated by means of the vapor pressure 
constants and equation in the table of typical properties. (See below). 

Solubility : The oi's and waxes are soluble in aromatic, aliphatic, and chlorinated 
hydrocarbons, alcohols, ketones, esters and fluorocarbons ; and insoluble in 
water and mineral acids. The degree of solubility varies widely with molecu- 
lar v-eight ; the waxes are less soluble than the oils. 

Viscosity: KEL-F oils are available i u three viscosity grades (1, 3, 10 centi- 
stokes at 210°F). #40 wax, by virtue of its low melting point, can also be 
considered as dn extra-heavy oil (viscosit, * — 40 cs. at 210°F). Viscosities 
of halofluorocarbon liquids depend markedly on temperature. 


All data from 
Addnl. 

Ref. 1 


TYPICAL PROPERTIES OF STANDARD KEL-F OILS AND WAXES 


Grade Designation 



1 

0 

10 

UO 

10-200 

200 

Molecular Weight 

500 

630 

780 

940 





Clarity (R.T.) 

clear 

clear 

clear 

opaque 

opaque 

opaque 

Refractive Index, n r , 

77° F 

1.400 

f.405 

1.410 

— 

— 



160°F 

— 

— 

— 

1.398 

1.401 

— 

Viscosity, centipoises 

100°F 

2 

25 

220 

— 

— 

— 

210° F 

0.8 

3 

10 

40 

55 



266° F 

— 

— 

— 

— 

— 

145 

Viscosity, centipoises 

100° F 

3,6 

47 

425 



— 



210°F 

— 

5 

13 

75 

105 

— 




j 
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Polychlorotri fluoroethylene (page 2) 



1 

S 

Grade Designation 

10 U0 10-200 

200 

Viscosity, Temp. Coeff. 1 

0.67 

0.88 

0.96 

— 

— 

— 

Pour Point, °F 

<-70 

-45 

+ 30 

+90 

— 

— 

Melting Point, ASTM, 0 -127° F 

— 

— 

— 

100 

150 

200 

Specific Gravity 

68°F/39°F 

1.84 

1.98 

1.96 

— 

2.02 

2.11 

100 C F/39°F 

1.81 

1.90 

1.93 

— 

1.99 

— 

160°F/39°F 

— 

1.85 

1.88 

1.92 

1.94 

— 

Vapor Pressure Constants 2 

A 

7.4991 

8.4976 

9.0503 

10.2123 

9.6116 

— 

B 

2351 

3161 

3743 

4863 

4313 

- — 

Heat of Vaporization 

cal./g. 

21 

23 

22 

23 

— 

— 

Kcal./mole 

10.7 

14.5 

17,1 

22 

— 

— 

Surface Tension, dynes/cm. 

23 

28 

30 

— 

— 


Specific Heat, ca!./g. 





0.22 

— 



— 

Thermal Conductivity 

BTU/hr./ff V°F/ft. 

Heat of Formation, cal./g.* 




0.080 

0.110 



— 

-1200 

-1200 

-1200 

-1200 

-120C 

-1200 


1 V.T. Coeff. = 1-Via at 210°F/Vis at I00°F 

2 logP (mm. Hg) = A-B/T°K 
* calculated 

Dielectric Properties : The oils and waxes have very good electrical properties. 
The dielectric strength of KEL-F oil (0.100 in. gap) is 500 volts/mil. The 
volume resistivity is in excess of 10 14 ohm-cm. 

Corrosivity: The oils and waxes are noncorrosive, in themselves, towards 
metals. Storage in nickel, monel, mild steel, stainless steel, and even alu- 
minum offers no problems under ambient conditions. However, the oi's are 
not rust-inhibiting, and therefore moisture should be excluded from con- 
tainers. 

Chemical Stability : KEL-F oils and waxes are extremely stable against the at- 
tack of strong acids, alkalies, and oxidants. No reaction has been observed 
with permanganate, chromic acid, fuming nitric acid, or hydrogen per- 
oxide. The oils are not attacked by C1F S at 300° F, concentrated H 2 SO< at 
400° F, or concentrated aqueous alkali at the boiling point. Oxygen and 
ozone do not react appreciably with KEL-F oils ; indeed there is evidence 
that the oils are even more chemically stable in the presence of oxygen. 
Under stringent oxidizing conditions (2000 psig. 0 2 at 300°F for 8 hr.) 
tests have shown no change in KEL-F oil alone or in contact with a variety 
of metals. Nor is there any effect on the metals themselves, including copper. 
Caution: Softer metals such as aluminum and magnesium may react vigor- 
ously with KEL-F oils under conditions of high shear, where fine particles 
of fresh metal are exposed. 

Health Hazard : The oils and waxes are substantially nontoxic and physiologi- 
cally inert. However, thermal decomposition products at extremely elevated 
temperatures (600°F) are toxic and adequate ventilation under these con- 
ditions is strongly recommended. 



Polychlorotrifluoroeihvlene (page 3) 


Fire and Explosion Hazard : Because of their high fluorine and chlorine con- 
tent, the KEL-F oils and waxes do not support combustion — that is, they 
are self extinguishing once the igniting source is removed. 

Infrared Trans-mission : As halofluorocarbons are substantially free of hydro- 
gen, the KEL-F oils and waxes are transparent in the 2-4 micron infrared 
region, where most organic liquids are strongly absorbing. 

U3e in Pyrotechnics : Oxidizing agent in pyrotechnic compositions. 

Additional References: 

1) “KEL-F Brand Halofluorocarbon Oils, Waxes, Greases and Alkanes,” 
Minnesota Mining and Manufacturing Company ( 1958) 



Refs. 


POLYTETR AFLUOROETH YLENE 

(Teflon, Fluon, Fluorofiex, Polytetrafluoroethylene Resin) 

Teflon is a thermoplastic, homopolymer composed of long chains of -CF 2 - 
units. Its useful temperature range is -75° to + 250°C. It cannot be molded, but 
at 206 c C it can be extruded. It is not wetted or affected by water, neither does 
it stick to anything. Teflon is the term used in the U.S. and Fluon in Great 
Britain. 


Formula : 


F F 
l l 

c- C- 

I i 
F F 


Where n is unknown (see Molecular Weight). 


Specification No.: PA-PD-S14 

Covers one type of general purpose molding or extruding material and the 
quality of the final molded or extruded parts. The applicable A.S.T.M. 
Specifications and Test Methods are D1457, D257, D150, D638, D785, D256, 
D792, D648, D696, D543, D542. 

Molecular Weight : Unknown ; estimated at 500,000 or more and possibly many 
millions. 


29,60 


29 


1 

40,68 


Form and Color : Colorless to grey powder, flakes, or grains. Transparent in thin 
sheet. Teflon is highly crystalline with no appreciable cross linking. A 
degree of crystallinity of 93-97 % has been calculated for the polymer with 
a density of 2.296. Teflon is available as film, laminations, powder (pellets 
or granules), rods or tubes (extruded), or sheets. It is fabricated by ex- 
trusion, hot forming or drawing, compression molding, and injection 
molding. 

Density, g./ml. : (solid) 2.1 -2.3 

Coefficient of Thermal Expansion, linear : 5.5 X 10' 5 


Below 15° and above 25°C the cubical coefficients of expansion are roughly 
of the same order, 3x10* cc./cc./°C, but at about 20°C there is a \% 
increase in volume, presumably due to a change in crystal structure. 

Heat of Formation, Kcal./monomole at 298°K : 

(estimated for particular sample used) -193.5 

-199 


Free Energy of Formation: 

Entropy, Enthalpy, and Heat Capacity: 


Form 

Temp. 

°C 

Entropy 
abs.j. °K l g-* 

Enthalpy 

abs.j.g- 1 

Heat Capacity* 
abs.j. °K ‘g-* 

powder 

280 

1.005 

140.5 

1.036 


3J0 

1.134 

178.6 

0.9959 

molded 

280 

1.019 

144.6 

1.012 


310 

1.137 

179.3 

1.021 

annealed 

280 

1011 

142.9 

0.9761 


310 

1.135 

179.4 

1.023 


•Experimental data show that the heat capacity of a Teflon sample varies 
with its mechanical and thermal history. 


68, 1 


1 . 10 , 

Addnl. 

Ref. 12 
Addnl. 

Ref. 10 

Addnl. 

Ref. 7 

Addnl. Refs. 
14, 15 


Addnl. Ref. 
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Polytetrafluoroethylene (page 2) 
Melting Point : 


(softening) 600°K 
(327 ± 5°C) 


Heat of Fusion: 

Boiling Point : above 673°K (400°C) 

Teflon begins to evaporate without melting. 

Heat of Polymerization, Kcal./mole of monomer : -47 

Transition Point and Phase Changes : 

Teflon crystallizes in two forms. A first order phase change occurs at about 
292°K (19°C) and melts at 600°K (327°C). A second order transition, in- 
volving the crystalline phase, occurs at about 303°K (30°C) . This is not 
related to the glass transition which has not been located in this polymer, 
but it must be below 173°K (-100° C) as the polymer is still flexible at this 
temperature. 

Heat of Sublimation: 

COMPARISON OF THE ENTHALPY AND ENTROPY CHANGE 
IN THE INTERVAL 280-310°K 


Sample and run 

A H 

AS 

Teflon powder : 

abs-j.g" 1 

abs.j°K' 1 g' 1 

Run 4 .... . _ 

38.02, 

0.1293 

Run 6 

38.04 

0.1294 

Molded Teflon : 

RUT! 3 

34.68 

0.1177 

Run 4 

34.75 

0.1180 

Annealed Teflon : 

Run 2 — ... 

36.42 

01236 

Run 4 — 

36.53 

0.1240 

Quenched Teflon : 

Run 2 

35.49 

0.1205 


Specific Heat, cal./deg./g. : 0.28 

Above 40°C (powdered) : C p = 0.2227 -j- 2.50 X 10-h (°C) 

(drawn) C„ = 0.2227 + 2.39 x 10-H (°C) 

Decomposition Temperature : about 400°C 

Decomposition Products: 

Depolymerizes to the monomer. Above 750° F decomposition liberates F. 
The polymer decomposes at elevated temperatures. In a vacuum, the mon- 
omer is the chief product. At low temperatures ( 250-350° C) degradation 
seems to start at the chain ends, at higher temperatures random cleavage 
becomes more important. In air degradation is mo.-e complicated, giving off 
extremely toxic products. Teflon decomposes slowly above 525°F. 

Vapor Pressure at 25°C, mm.: 1 X 10"* 

In the equation log p„„. = A-B/T, A — 4.3, and B = 3400 over the range 
300-450° K. 


Spec., 68 


Addnl. Ref. 

14 

68 

Addnl. Ref. 3, 
9, 10, 11, 

12, 13 


Ref. 11 


Addnl. Ref. 7 
Addnl. Ref. 8 


68, 70, 60, 
Addnl. Refs. 
2 , 4,5 
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Polytetrafluoroethylene (page 3) 

X-Ray Crystallographic Data: 

Space Molecules/ 

System Group a b c Axial Angle Unit Cell 

pseudohexagonal 5.54 5.54 16.S y = 119.5 high temp. 

form 15 
low temp, 
form 13 

The chain repeat distance is 2.62A. 

Hygroscopicity: nonhygroscopic 

Solubility Data : There is no known solvent or plasticizer for Teflon. It is unaf- 
fected by strong acids, even aqua regia, and by strong alkalies. However, 
prolonged contact with fluorine, hot plasticizers, and polymeric waxes 
should be avoided. 

Health Hazard : Heated to decomposition it gives off toxic fumes of F and F 
compounds. > 

Safety Classifications: 


OSM: 

not listed 

ICC: 

not listed 

Fire and Explosion Hazard: 

nonflammable 

Electrostatic Sensitivity: 

— 

Mechanical Properties: 

Modulus of elasticity, 10* psi : 

33-65 

Tensile strength, psi : 

1500-3000 

Ultimate elongation, % : 

120-350 

Yield stress, psi : 

1600-2000 

Yield strain, % : 

50-70 

Rockwell hardness : 

J 75-J 95 

Notched Izod impact test : 

2. 5-4.0 

Refractive Index: 

1.585-1.600 


Use in Pyrotechnics : To make inert seals or containers for pyrotechnic com- 
positions, and as an oxidizing agent. 

Additional References: 

1) Nature 1 71 , 549 ( 1954) 

2) D. K. Harris, The Lancet, 1008 (1951) 

3) C. E. Weir, J. Research NBS 50, 95 (1953) 

4) S. L. Madoraky et al., ibid. 51 , 327 (1953) 

5) R. E. Florin et al., ibid. 53 , 121 ( 1954) 

6) "Vapor Pressure of Plastic Materials,” N. Jensen, J. Appl. Phys. 27, 
No. 12 (1956) 

7) "Combustion Calorimetry of Organic Fluorine Compounds,” W. Good 
et al., J. Phys. Chem. 60 , 1080 (1956) 


68 

Addnl. Ref. 1 
40 

Addnl. 

Ref. 10 
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Polyle'rafluoroethylejie (page 4) 


8) “Specific Heat of Synthetic High Polymers. 7. A Study of the Order- 
Disorder Transition of Polytetrafluoroethylene,” P. Marx and M. Dole, 
J. Am. Chem. Soc. 77 , 4771 (1955) 

9) Structural Reports 12 , 367-68 (1949) 

10) “A Room Temperature Transition in Polytetrafluoroethylene,” H. Rigby 
and C. W. Bunn, Nature 1 64 , 583 ( 1949) 

11) “Calorimetric Properties of Polytetrafluoroethylene (Teflon) from 0° 
to 365° K,” G. Furukawa et al., J. Research NBS 49 , 273 (1952) 

12) C.A. 52 , 15118 (1958) 

13) C.A. 52 , 12516 (1958) 

14) “Thermal Stability of Polytetrafluoroethylene/' C. R. Patrick, Nature 
181 , 698(1958) 

15) “Thermochemical Studies of Fluorocarbons,” H. C. Duus, Ind. Eng. 
Chem. 1445 (1956) 


POLYVINYLCHLORIDE, PVC1 

(Exon, Geon, Koroseal, Marvinol, Pliovic, Tygon, 
Velon, Vinyl its, Vygen, Agilide) 


Formula: Approximately (-CIIa*CHCl*CHCl)„, where n — about 4000 
A variable polymer. Specification calls for 56 ± 1 % Cl 

Specification No.: MIL- P-20307 

(includes Army Spec. 

No. 50-11 -a47) 

Molecular Weight: variable, approximately 

250,000 

Crystalline Form: (spec, grade) powder 

In PVC1, units of the polymer chains are arranged essentially head-to-tail. 
In addition there may be some branching as a result of chain transfer dur- 
ing polymerization. Solid PVC1 is only slightly crystalline. 

Color : colorless to amber 


Density, g./ml. : 

Specification, Apparent Density: 
Coefficient of Thermal Expansion, linear : 


(solid) unplasticed 1.4 
0.5 ± 0.1 g./ml. 

5-6 X 10 * 


Heat of Formation, Kcal./mole at 25°C, 22.6 rt .3 

per monomer unit : 

Free Energy of Formation : 

Entropy: 

Melting Point: Variable, depending on degree of polymerization. Begins to 
soften between 343° and 353°K (70° and 80°C) . High molecular weight 
polymers do not flow well enough for practical molding below 423°K 
(160°C). Second order transition tempe -ature approx. 348°K (75°C). 

Heat of Fusion: 

Boiling Point: 

Transition Point : see Melting Point 

Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity : 

Decomposition Temperature: ForTGA see Addnl. Ref. 9 
Decomposition Products: HC1 and darkening 

PVC1 begins to break down even as low as 150°F. It is also instable to 
light, darkening as HC1 is evolved. Stabil ity to both heat and light can be 
greatly improved by the addition of stabili sers. As the loss of HC1 appears 
to be autocatalytic, the stabilizers used are usually mild alkalies, alkali or 
alkali earth oxides and hydroxides, fatty acid salts, or HC1 acceptors ; e.g., 
acetylene oxide compounds. Alcoholates, carbonates, amines and many 
compounds have been found to be effective stabilizers. These can be used 
alone or in combination to adjust the properties of the plastic in the direc- 
tion desired, e.g., flexibility, improved flame resistance. 


Refs, 

59,60 

59 


59 


68 

1 

59 

Addnl. Ref. 1 
Addnl. Refs. 
1,8 

Addnl. Ref. 7 


59, Addnl. 
Refs. 8, 6 
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Polyvinylchloride, PVC1 (page 2) 


Vapor Pressure: 

X-Ray Crystallographic Data: Partly crystalline; fiber period 5.0 ± .05 A cr 
a multiple of 5.0A 

Hygroscopicity, Specification Grade Material - Gain in mg./g. at R.T. after 
exposure in static and vacuum desicc .tors : 


Time, 

65% R.H. 

i 75% R.H. ~~\ 

86% R.H. 

j 93% R.H. 

days 

Stat. 

Vac. 

! Stat. 

Vac. 

Stat. 

Vac. 

| Stat. Vac. 

1 

0.1 

C.l 

0.3 

0.3 

0.5 

0.1 

i 0.7 0.2 

7 

0.5 

0.3 

0.2 

0.1 

0.3 

0.5 

0.7 0.2 

30 



0.1 


0.1 


0.1 


Solubility Data : Insoluble in acids and alkalies. Soluble in cyclohexanone, 
methylcyclohexanone, nitrobenzene dirnothylformamide, tetrahydrofur&ne, 
isophorone, mesityl oxide. Low molecular weight FVC1 is soluble in higher 
alkylketones, dioxane, methylene chloride. 

Health Hazard: 

Safety Classifications: 

OSM : not listed 

ICC : not listed 

Fire and Explosion Hazard: Self extinguishing. Decomposition by heat 
liberates HC1. 

Heat of Combustion, ca!./g. ( H,0 liquid ) at 25° : 4374.9 

Electrostatic Sensitivity: 

Use in Pyrotechnics : As a retardant, color intensifies and bonding agent. 


Addnl. Ref. 8 


32 


59 


X, 59, 60 
Addnl. Ref. 7 


Additional References: 

1) “Linear and Stereoregular Addition Polymers,” N. Gaylord and H. 
Mark,” Interscience Polymers. Vol. 2 (1959) 

2) "The Structures and Properties of some Pyrolyzed Polymers,” F. H. 
Winslow et al. (Paper given June 1965.) Paper in the Proceedings of 
the Second Conference on Carbon held at the University of Buffalo, 
Buffalo, N.Y. (1956) 

3) “The Investigation of Synthetic Linear Polymers by X-Rays,” C. S. 
Fuller, Chem. Revs. 26 , 143 ( 1940) 

4) "Infrared Spectra of Thermally Degraded Poly Vinyl Chloride,” R. 
Stromberg et al., J. Research NBS 60 , No. 2, 147 (1958) 

5) ’‘Characterization of Organic Substances by Differential Thermal 
Analysis,” H. Morita and H. M. Rice, Analytical Chemistry 27 , 336 
(1965) 

6) “Specific Heat of Synthetic High Polymers. VI. A Study of the Glass 
Transition in Polyvinyl Chloride,” S. Alford and M. Dole, J. Am. Chem. 

Soc. 77 , 4774 (1956) 

7) “Heats of Combustion of borne Organic Compounds Containing Chlo- 
rine," G. C. Sinke and D. R. Stull, J. Phys. Chem. 62 , 397 (1958) 

8) C.A. 52 , 16118 (1958) 

9) Anal. Chem. 27 , 336 (1955) 
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Specification No.: 
Molecular Weight: 
Crystalline Form: 
Color: 


POTASSIUM, K 

(Kali urn) 


39.100 

cubic 

silvery metal 


Density, g./ml.: (solid) 0.87*°* 

Coefficient of Thermal Expansion, linear at 0-50°C:85 X 10 ® 

Heat of Formation, Kcal./mole at 298°K : (monatomic gas) 21,420 

(diatomic gas) 30,580 

Free Energy of Formation, Kcal./mole at 298°K : (monatomic gas) 14,589 

(diatomic gas) 21,965 


Entropy, cal./deg./mole at 298°K: 


See tables below 


(monatomic gas) 38.30 
(diatomic gas) 59.67 
(c) 15.39 


Melting Point: 

Heat of Fusion, cal./mole : 
Boiling Point: 

Heat of Vaporization, cal./mo!e : 
Transition Point: 


336.4°K (63.3°C) 
558 

1039°K (766°C) 
18,530 


Heat of Sublimation, cal./mole at 298°K : 
to ideal monatomic gas : 
to ideal diatomic gas: 

Heat Content or Enthapy, cal./mole: 

See tables below 


21,420 
30,580 
(solid) 1695 


Refs. 


1 

1 

1 

27 

5 

5 

5 


4,5 

5 

5 


5 

5 


Heat Capacity, cal./deg./mole: (solid) 7.16 

(liquid) 7.80 
(gas) 4.97 

See tables below 

a. HEAT CONTENT AND ENTROPY OF K (c, 1) 
(Base, crystals at 298.15°K) 


4,5 


T,°K 

H t — Hjm.ii 
cal./mole 

Sr-Sm.is 

cal./deg. 

mole 

T, °K 

H t — Hm.it 
cal./mole 

St - S 29 g. 1 t 
cal./deg. 
mole 

386.4 (c) . . . 

286 

0.90 

700 . . . . 

3515 

7.97 

386.4 (1) . . . 

844 

2.56 

800 ... . 

4226 

8.92 

400 

1330 

3.89 

900 ... . 

4940 

9.76 

500 

2075 

5.55 

1000 . . . . 

5665 

10.!i3 

600 

2805 

6.88 

1100 . . . . 

6400 

11.23 

Enthalpy : H T - 

K(c): 

H m .u= 1 - 34 T -f 9.70 x 11©-*T* 

- 1262 (0.1 percent ; 298-3S6.4°K) 


Heat Capacity : 

C, = 1.34 4- 19.40 X l-m* 
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Potassium, K (page 2) 

K (1) : 

I Enthalpy : H T - H 2 # 8 . 1b = 7.06T - 0.70 X 10 B T 1 - 1323 (0.3 percent ; 336.4-1 100°K) 

| Heat Capacity : C p = 7.06 + 0.70 X 10 B T 2 

| b. HEAT CONTENT AND ENTROPY OF K (g) 

| (Base, ideal gas at 298.15°K) 


T, °K 

Ht — Hjeg 

cal./mole 

St — S 2 9 8 i j B 
cal./deg. 
mole 

T, °K 

H t - H 298 .IS 
cal./mole 

Sr ~ £'298.15 
cal./deg. 
mole 

400 .... 

505 

1.46 

1900 . . . . 

7965 

9.21 

500 .... 

1005 

2.57 

2000 .... 

8465 

9.46 

600 .... 

1500 

3.48 

2200 .... 

9475 

9.94 

700 .... 

1995 

4.24 

2400 .... 

10,490 

10.39 

800 .... 

2495 

4.90 

2600 .... 

11,525 

10.80 

900 .... 

2990 

5.49 

2800 .... 

12,580 

11.19 

1000 .... 

3490 

6.01 

3000 .... 

13,660 

11.56 

1100 .... 

3985 

6.48 

3500 .... 

16,540 

12.45 

1200 .... 

4480 

6.92 

4000 .... 

19,810 

13.32 

1300 .... 

4980 

7.32 

4500 .... 

23,750 

14.25 

1400 .... 

5475 

7.69 

5000 .... 

28,720 

15.29 

1500 .... 

5975 

8.03 

6000 .... 

42,950 

17.87 

1600 .... 

6470 

8.35 

7000 .... 

62,210 

20.83 

1700 .... 

6970 

8.65 

8000 .... 

82,400 

23.53 

1800 .... 

7465 

8.94 





K (g) : 

Enthalpy: H t -H 2B8 . 18 = 4.97T-1482 (0.1 percent; 298-2000°K) 


c. HEAT CONTENT AND ENTROPY OF K 2 (g) 
(Base, ideal gas at 298.16°K) 


T, °K 

H t — Hmo.m 
cal./mole 

St - S 2 BB. 1 B 

cal./deg. 

mole 

T, °K 

H t — H298.15 

cal./mole 

St “ S298.15 
cal./deg. 
mole 


925 

2.67 

1600 .... 

12,240 

15.65 

500 .... 

1840 

4.71 

1700 .... 

13,215 

16.24 

600 .... 

2760 

6.39 

1800 .... 

14,200 

16.80 

700 .... 

3685 

7.82 

1900 .... 

15,180 

17.33 

800 .... 

4615 

9.06 

2000 .... 

16,170 

17.84 

900 .... 

5550 

10.16 

2100 .... 

17,165 

18.33 


6490 

11.15 

2200 .... 

18,165 

18.79 

1100 .... 

7440 

12.05 

2300 .... 

19,170 

19.24 

1200 .... 

8390 

12.88 

2400 .... 

20,180 

19.67 

1300 .... 

9345 

13.65 

2500 .... 

21,195 

20.08 

1400 .... 

10,305 

14.36 

2750 .... 

23,760 

21.06 

1500 .... 

11,270 

15.02 

3000 .... 

26,350 

21.96 






PotaMium, K (page i») 


K 2 (g) : 

Enthalpy : H T - H M8 . 15 = 8.91T -f 0.26 X 10*T* - 2680 (0.1 percent ; 298-3000°K) 
Heat Capacity : C„ = 8.91 + 0.52 X 10 *T 

For tables of thermodynamic values see Ref. 5 

Decomposition Temperature: 

Decomposition Products : 


Vapor Pressure: 


Press, mm. 

1 

10 

40 

100 

400 

760 

Temp. °K 

341 

443 

524 

586 

708 

774 


At M.P. vapor pressure is 0.23 mm. 


X-Ray Crystallographic Data: 

System. Space Group a Atoms/Unit Cell 

cubic Ol 5.333 2 

Hygiosccpicity : Reacts with water to form KOH and H 2 . 

Caution : Keep under liquid containing no oxygen ; e.g., petroleum or in an 
inert atmosphere of argon or nitrogen. 

Solubility Data : Soluble in liquid NH„, ethylene diamine, aniline, and mercury. 
Reacts with water, and alcohol. 

Health Hazard ; Extremely caustic to all tissues. The fumes of potassium oxide 
are very toxic. 

Safety Classifications: 

OSM: Class 2 

ICC: Listed under “Explosives and Other Dangerous Materials” as a 
“Flammable Solid”; yellow label. 

Fire and Explosion Hazard : Potassium reacts vigorously with water to form 
caustic ICOH and evolve hydrogen. The heal evolved causes the potassium 
to melt and the hydrogen to bum. If there is any confinement, the hydrogen 
may explode. Burning potassium is difficult to extinguish. To fight a fire, 
use dry powdered soda ash, graphite, or special mixtures of dry chemicals. 
Even when stored under mineral oil, the pei oxide (K 2 0 2 ) and superoxide 
(K0 2 or K 2 0 4 ) may form, and an explosion may occur when the material is 
handled or cut. Potassium which has become coated with a layer of oxide 
should be burned. The fumes of potassium oxide are highly toxic. Do not 
use CC1 4 on fire as an explosion may result. Use powdered talc. 

Electrostatic Sensitivity : 

Use in Pyrotechnics: As a fuel and to color burning smoke compositions violet. 

/ dditional Reference: 

1) C. A. .< 7,2578 (1943) 


1 

34 

1 

12 

14 

1,29 


12, 14, 16, 75, 
Addnl. Ref. 1 
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POTASSIUM BICARBONATE I 

(Potassium Acid Carbonate, 
Potassium Hydrogen Carbonate) 


Formula: KHCO* 

Specification No.: MIL-P-3173 

Molecular Weight: 100.11 

Crystalline Form: monoclinic 

Color : colorless 

Density, g./ml: (solid) 2.17 

Coefficient of Thermal Expansion : 

Heat of Formation, Kcal./mole at 298°K: -229.3 

Free Energy of Formation, Kcal./mole at 298°K : -205.7 


Entropy : 

Melting Point : 

Heat of Fusion: 

Boiling Point: 

Transition Point : 

Heat of Sublimation : 

Heat Content or Enthalpy : — — 

Heat Capacity : 

Decomposition Temperature, °C : 100-200 

Decomposition Products : K 2 C0* -f- C0 2 -f- H 2 0 

Heat of Dissociation, cal. /mole: 15,730 


Vapor Pressure of Dissociation (to C0 2 -j- H 2 0) is given by 


log P mm .^ 10.832 

2KHCO g (s) ^K 2 CO,(s) + C0 2 (g) -f H 2 Q (g) 


Press, atm. 

.0054 

.1463 

.2527 

.6203 

.8034 

.9645 


Temp. °K 

340.8 

389.5 

400.3 

419.4 

424.9 

429.1 



X-Ray Crystallographic Data : 


Space Group a b c. Axial Angle Molecules/ U> it Cell 

Cj h 15.176 5.630 3.708 fi =•, 103° 45 4 

Hygroscopicity : Nonhygroscopic. Stable in dry air. In more than '10% saturated 
humidity it absorbs water. In damp air loses C0 2 and forms a coating of 
K 2 C0 3 . 

Solubility Data: In cold water: 22.4 g./lOOg. 

In water at 60°C: 60 g./lOOg. 

In alcohol : insoluble 

Health Hazard : Excessive doses may cause hyperkalemia or alkalosis. 


Refs. 




4 


1 

i 

l 

1,9 

86 


1 

44V22II 

Addnl. Refs. 
1,2 

Addnl. Ref. 1 


91 


18V4 

44V22II 

1 

29 
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PotMcium Bkarbonale (page 2) 

Safety Classifications : 

OSM : not listed 

ICC : not 

Fire t.nd Explosion Hazard: 

Electrostatic Sensitivity : 

Use in Pyrotechnics : As a retardant, and to color burning compositions pur- 
plish-red. 

Additional References: 

1) “The Dissociation Pressures of the Alkali Carbonates. Part II. Potas- 
sium, Rubidium, and Cesium Hydrogen Carbonates,” R. M. Caven 8'i 
H. J. Sand, J. Chem. Soc. 105 , 2752 (1014) 
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POTASSIUM CJILORATE, KCIO s 

Specification No.: MIL-P-150A 

Specification Grades and Classes : The specification covers three grades : 
Grade A, low bromate content; Grade B, high bromate content ; and Grade 
C with magnesium carbonate. Grade C is divided into seven classes based 
on granulation. Grade A is used in primer mixtures, Grade B in pyrotechnic 
mixtures, and Grade C in colored smoke mixtures. 


Molecular Weight: 

122.55 

Crystalline Form: 

monoclinic 

Percent Ogygen: 

39.17 

Color : 

colorless 

Density, g./ml.: 

(solid) 2.32 

Coefficient of Thermal Expansion, y, over the range 
-78° to 4- 21°C : 

22 X 10-* 

Heat of Formation, Kcah/mole at 298°K : 

-98.50 

Free Energy of Formation, Kcal./mole at 298°K : 

-69.29 

Entropy, cal./deg./mole at 298°K : 

34.17 

Melting Point: 

641.5°K (368.4°i 

Literature Values: 

334-372°C 

Heat of Fusion: 

— 

Boiling Point: Decomposes at 673° K (400°C) giving off 0. 

Transition Point : Monoclinic to rhombic 528° K <255 

±: 5°C) 

Heat of Sublimation: 

— 

Heat Content or Enthalpy : 

Heat Capacity, cal./deg./mole at 298°K : 

(solid) 23.96 

Temp. °C C p , cal./deg./mole 

-160 

14.7 

-100 

18.9 

0 

23.4 

50 

25.7 

100 

28.4 

200 

36.2 

225 

39.7 

Decomposition Temperature : For DT A and TGA see Ref. 38 

Decomposition Products : At fusion 2KC10 a — ►KC10< 

+ KC1 + 20. 

At high temperature the KCIO, decomposes to KC1 -f- 40. 

Heat of Decomposition, kg./cal./mole : 

Crystalline decomposition, R.T. 

Value 

KC10 a -+KC1 -f 0 3 

12.1 ±l 0.3 

Kt O, -*KC! + 30 

-9.7 

4KC10,-+KC10 4 4-KC1 

63 


Refs. 


1 

1 

1 

44V22I 

1,9 

1.9 

3.9 
1 

65 

1,20 

42, 44V22 1 


9 

65 


20, 29 


Addni. Ref. 1 
65 


243 


PcioMium Chlorate, KfJO, (page 2) 


Vapor Pressure: 






X-Ray Crystallographic Data : 




1 



Molecules/ 


System Space Group a b 

c 

Axial Angle Unit Cell 


monoclinic 4.647 5.685 

7.085 

/5 = 109' 5 38' 

2 


°C a 

b 

c 


65 

20 4.647 

5.68S 

7.085 ‘ 


Addnl. Ref. 4 

90 4.S65 

5.600 

7.122 



150 4.67S 

5.611 

7.152 



200 4.692 

5.621 

7.180 



250 4.706 

5.682 

7.209 



Hygroscopicity : R.T., after equilibrium has 

been established in a vacuum desic- 

32 

cator : 





R.H.% 65 75 


86 

93 


Time Exposed 24 hrs. equil. 24 hrs. equil. 24 hrs. equil. 24 hrs 

equil. 


Gain mg./g. 





R 1 0.1 0.1 0.1 

0.1 

0.2 0.2 0.5 

0.5 


S* — <.l 0.2 

— 

0.8 — — 

0.9 


R‘= reagent grade; S 1 = spec, grade 





Critical R.H.: 





Reagent grade, 97.7% at25°C 




32 

Spec, grade, 97.9% at 26.2°C 





Water absorbed by 2.000 g. at26°C (C.P; material) : 



Fineness Hours 


g. H,0 absorbed 



40-80 mesh 4514 


0.0650 



6934 


0.1056 



93 Vi 


0.1392 


Addnl. Ref. 3 

122Vi 


0.2340 



ground 16 


0.0248 



very fine 69 


0.1062 



8884 


0.1488 



Solubility Data : In water at 20°C : 


7.1 g./lOO ml. 


1,65 

at 100°C : 


57 g./lOO ml. 



In alkalies : 


slightly soluble 



At 25°C, g./lOO g. solvent : 





In ethyl alcohol : 


0.81 



In glycerol : 


1.05 



In acetone : 


insoluble 



In ethylene glycoi : 


1.21 



At 20°C in methyl alcohol : 


0.095 
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Potassium Chlorate, KCIO, (page 3) 


Health Hazard : Slight to moderately poisonous. The principal toxic effects of 12, 25, 26, 
chlorates are the production of methemoglobin and the destruction of red 29, 65, 93 
blood corpuscles. Chlorates are also irritating to the genito-urinary tract 
and to the kidneys. The probable lethal human dose is 50-500 mg./kg. 

Safety Classifications : 


QSM : Class 1. Class 2 when not packed or stored in original containers or 
equivalent. 

ICC : Listed under “Explosives and Other Dangerous Articles" and classed 
as oxydizing material : yellow label. 

Fire and Explosion Hazard : Potassium chlorate is exploded by shock, or heat, 
and when rubbed in the presence of organic, or reducing material (sugar, 
charcoal, shellac, sulfur, starch, sawdust, H 2 S0 4 , NH 4 compounds, cyanides, 
phosphorus or antimony sulphide) . KC10 a is sensitive to friction. Chlorate 
fires should be fought with large streams of water or with water fog. Note. 
See references for important precautions in the handling of potassium 
chlorate alone and with mixtures. The danger of spontaneous combustion 
with sulfur is greatly reduced by the addition of potassium bicarbonate. 

Explosive Tests on Specification Grade Potassium Chlorate : 

Explosion Temp. Test (5 sec. value) , °C : 46*7 

Impact Test Values: (10% point) 

P.A. Apparatus, 2 kg. hammer 
(22 mg. charge) ; in : 40 4- 

B.M. Apparatus, 2 kg. hammer, cm : 100 -j- 

Use in Pyrotechnics : As an oxidizer and to impart a purple-red color to burning 
compositions. 


12, 29, 14 


19 

33 

33 

38 


1, 16, 17 


Additional References: 

1) “The Formation and Decomposition of Potassium Perchlorate and a 
New Determination of the Heat of Decomposition,” C.A. 27, 1264 
(1933) 

2) “Refinement of the Crystal Structure of Sodium Chlorate and Potassium 
Chlorate,” J. G. Bower et al., Univ. of California, AFOSR Number 
TN-59-104, ASTIA Document Number AD 210, 386 (1959) 

3) “Hygroscopic Properties of Sodium, Potassium and Ammonium Ni- 
trates, Potassium Chlorate and Mercury Fulminate,” G. B. Taylor and 
W. C. Cope, Met. & Chem. Eng. 15 , 141 (1916) 

4) G. Ramachandran and M. Lonappan, Acta. Cryst. 10, 281 (1957) 
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POTASSIUM NITRATE, KNO s 

(Saltpeter, Niter) 

Percent Oxygen : 47.48 

Specification No. : MIL-P-156B 

The spec, covers three classes of about equal purity but of different granu- 
lation. Class 2 is used in pyrotechnics. 

Molecular Weight: 101.10 

Crystalline Form: rhombic or trigonal 

Color : colorless 

Density, g./ml.: (solid) 2.109; (liquid) 2.123 -.755 X 10 *t°C 
(over the range 850-565°C) 

Coefficient of Thermal Expansion, cubical, 0--100°C : 1967 x 10 T 
See also Ref. 54V2 

Heat of Formation, Kcal./mole at 298°K: -117.76 

Free Energy of Formation, Kcal./mole at 298°K : -93.96 

Entropy, cal./deg./mole at 298°K 31.81 

See table below 
Melting Point: 

Heat of Fusion, cal ./mole: 

Boiling Point: 


611°K (388°C) 

2800 

decomposes at 
673°K (400°C) 
atonal 401°K (128°C) 
1400 


Transition Point: 

Heat of Transition, cal ./mole: 

Heat of Sublimation: 

HEAT CONTENT AND ENTROPY OFKNO, (c, !) 
(Base, a— crystals at 298.16 C K) 


Reft. 

1,29 


1 

1 

1 

40V2 

1 

1,9 

1,9 

3 

7 

4 
1 

4 

4 


TT°K 

Hr - H 3 ,8.1S 
cal./mole 

St- Si«8.ie 
cal./deg. 
mole 

TT°K 

H T - H 2B8 is 
cal./mole 

St — Ss#8, 
cal./deg 
mole 

360 .... 

1230 

3.80 

600 .... 

9650 

22.36 

400 

2450 

7.17 

611 (/?) . 

9970 

22.87 

401 (a) . . . 

2520 

7.24 

611 (i) . 

12,770 

27.45 

401 (0) . . . 

3920 

10.73 

700 . . . . 

15,400 

31.46 

500 

6780 

17.11 





KNO*(a) : 

Enthalpy: Ht-H,,*.,,,^ 14.66T + 14.20 x 10 ‘T*- 6600 (0.1 percent ; 298-401°K)| 
Heat Capacity : C B = 14.65 + 28.40 X 10 *T 

KNO.(0): 

Enthalpy: H T -H»»,., C :=28.80T- 7625 (0.1 percent ; 401-61 PK) 

KNO»(l) : 

Enthalpy: H T .-H M ,.,» = 20.60T-5250 (0.1 percent ; 611 -700°K) 
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PotMMiMtn Nitrate, KNO s (page 2) 


Heat Capacity, cal Meg./mole : (aoiid) a = 28.01 (liquid) 29.50 

ft — 28.8 

See table abt«e 

Decomposition Temperature, °C : 400 

Decomposition Products : From 650 to 750°C. The products of decomposition 
are KNO* -f O -f traces of NO a . At 800°C decomposition is moi e extensive 
with KNOj decomposing to form K a O, N, and 0. 

For DTA and TGA ree Refs. 88 and 47 

Vapor Pressure : 

X-Ray Crystallographic Data: 

Molecules J 

System Space Group a Axial Angle Unit Cell 

hexagonal C| T 4.365 «=76°56' 1 

Hygroscopicity: Gain in mg./g. at R.T. after equilibrium has been established 
in vacuum dessicators. 


4,5 

1 

85 


1 

82 


% R.H. 

65 

75 

88 

93 

Time 

24 hrs. equil. 

24 hrs. equil. 

24 hrs. equil. 

24 hrs. equil. 

Spec, grade 

<1 

— 0.2 

— — 

55.2 — 

Purified 

— — 

— — 

— <-l 

— <1 


Critical R.H. : Specification grade, 91.7 % at 20.0°C 
Purified material, 91.8% at 26.2°C 
Water absorbed by 2.0000 g. at 25°C (C.P. material) : 


32 


Fineness 

Hrs. 

H*0 absorbed, g. 

40-80 mesh 

2% 

0.0147 


18% 

0.1136 


25% 

0.1527 


42% 

0.2687 


47 

0.2896 

ground 

7% 

00458 

very 

16 Vi 

0.1056 

fina 

40% 

0.2580 


Specification Grade, gain % at 70° F 

and 90% R.H. : 0.76 

Solubility Data: In water (g.lOO/ml.) : 13.3 at 0°C, 31.6 at 20°C, and 247 at 
100°C 

In alcohol and ether : insol .ble 


S3 

1 


Health Hazard : Ingestion of large amounts may cause violent irritation of the 
intestinal iining. Prolonged exposure to small amounts may result in anemia | 
and nephritis. Moderately poisonous on ingestion or inhalation. I 


12, 29, 93 


> 


l 

i 

) 
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P ot— lung Nitrate, KNO, ( 3) 

Safety Classifications: 

OSM: Class 1. Class 2 when not packed or stored in original shipping 
containers. 

ICC : Listed under "Explosives and Other Dangerous Articles” as oxidiz- 
ing material ; yellow label. 

Fire and Exploeion Hazard : Dangerous, as it is a fire and explosion hazard. As 12, 14 
an otddiser it can give up its oxygen to other materials to produce a vigor- 
ous reaction which may result in detonation. Toxic fumes are emitted on 
decomposition. 

Potassium nitrate is a strong oxidizer, sensitive to shock, and can be easily 
detonated. When mixed with flammable materials it becomes very sensitive. 

Electrostatic Sensitivity : 

Use in Pyrotechnics : As an oxidizer and to impart a purple-red color to burning 17 
compositions. 

Additional References: 

1) ’"The Kinetics of Thermal Decomposition of Potassium Nitrate and of 
the Reaction between Potassium Nitrate and Oxygen,” E. Freeman, J. 

Am. Chem. Soc. 79 , 838 (1957) 

2) “Simple Method for Derivative Thermal Analysis,” E. Freeman and D. 
Edelman, Anal. Chem. 31, 624 (1959) 

3) “Instrumentation and Applications to Thermogravimetry and Differen- 
tial Thermal Analysis,” C. Campbell ec &1., Anal. Chem. SI, 1189 (1959) 

4) “A Thermoanaiytical Study of the Ignition and Combustion Reactions 
of Black Powder,” C. Campbell and G. Weingarten, Trans. Faraday 
Soc. 55, No. 444, 2221 ( 1959) 

6) "Hygroscopic Properties of Sodium, Potassium and Ammonium Ni- 
trates, Potassium Chlorate and Mercury Fulminate,” G. B. Taylor and 
W. C. Cope, Met.& Chem. Eng. 15 , 141 (1916) 
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POTASSIUM OXIDE, K a O 

(Potassium Monoxide) 


Reft. 


Specification No.: 

Molecular Weight: 

Crystalline Form : 

Color : 

White at ordinary temp., yellow when hot. 
Density, g./ml, : 

Coefficient of Thermal Expansion : 

Heat of Formation, cal./mole at 298°K: 

See table below 

Free Energy of Formation, cal./mole at 298°K : 
See table below 

Free Energy Equations: 

Reaction 

1) 2K (c) + Vfe O* (g) = KjO (c) 

A F§ — - 86,400 + 33.90T 

2) 2K (1) + Yi O, (g) = K,0 (c) 

A F§ =- 87,880 + 1.15T log T + 38.90T 

3) 2K (g) + Oj (g) = K*0 (c) 

A F$ = - 103,090 - 16.12T log T + 129.64T 


HEAT AND FREE FNERGY OF FORMATION OFK,0 (c) 


T, <'K 

aH (cal./mole) 

A F° (cal./mole) 

298.16 .... 

-86,400 (± 2900) 

-76,300 ( ± 2800) 

336.4 .... 

-86,400 

-7E,000 

3S6.4 . . . 

-87,600 

-75,000 

400 

-87,600 

-72,600 

500 

-87,600 

-68,000 

600 

-87,700 

-65,100 

700 

-87,700 

-61,400 

800 

-87,800 

-57,600 

900 

-87,800 

-53,800 

1000 

-87,900 

-50.000 

1049 

-87,900 

-48,200 

1049 

-125,800 

-48,200 

1100 

-125,400 

-44,400 

1200 

-124,700 

-37,100 

1300 ... . 

t -124,000 

-29,800 

1400 

’ -123,300 

-22,600 

1500 

-122,600 

-15,400 


Pha.’,e ch"nges of Metal 


M.P., 336.4°ii : A H = 558 cal./g.-atom 
B.P., 1049°K ; A I* = 18,925 cal./g.-atoi 


94.20 

cubic 

colorless to grey 
(solid) 2.32° 


-86,400 (±2000) 
-76,300 (± 2800) 

Range of Validity, °K 
298.16-336.4 

336.4-1049 

1049-1500 


1, 44V22I 
1 

2 

2 
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Potaaslam Oxide, K t O (page 2) 


Entropy, eal./deg./mole at 298°K : 
Melting Point: 

Heat of Fusion : 

Boiling Point: 

Transition Point: 

Heat of Transition, Kcai./mole : 
Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature: 


23,5 * 2.6 

not obtainable 

1253°K <980°C) 

6.8 


below 763°K 
at 1750 ± 100°K 


Decomposition Products : 

Vapor Pressure of alkali oxide and alkali metal in equil. with solid alkali oxide, 
atm. at 1000°K (calcd.) : 10 ’* 

X-Ray Crystallographic Data: 

System Space Group a Molecules /Cubie Cell 

cubic 6.436 

Hygroscopicity: Reacts with water to form KOH with evolution of considerable 
heat. 

Solubility Data: Very soluble in water and is slightly soluble in alcohol and 
ether. 

The heat of solution in water, K cal. /mole : 75 

Health Hazard: Has a caustic reaction on the skin and respiratory system. 
Because it causes dermatitis, avoid its dust and treat exposed skin with 
large quantities of water. 

Safety Classifications : 

OSM : not listed 

ICC: not listed 

Caustic potash liquid is classified under "Explosives and Other Dangerous 

Articles" as a corrosive liquid. 

Fire and Explosion Hazard : Considerable heat is developed by reaction with 
water. Highly caustic. 

Electrostatic Sensitivity: 

Uae in Pyrotechnics: a product of burning 

potassium compounds 


24 

7 


8 

7 


Addnl. Ref. 5 


18 


44V22I 
12, 25, 29 


12 


Additional References: 

1) “Stability of Solid and Gaseous Alkali and Alkaline Earth Oxides,” L. 
Brewer and D. F. SJaaticfc, J. Am. Chem. Soc. 73, 2045 (1951) 


POTASSIUM PERCHLORATE, KCIO, 

(Potassium Hyperchlorate) 


Refs. 


Percent Oxygen : 
Specification No. : 


46.19 

JAN-P-217(2) 


The spec, covers one grade and four granulations. 


Molecular Weight : 138.55 

Crystalline Form : rhombic 

Color : colorless 

Density, g./ml.; (solid) 2.52 

Coefficient of Thermal Expansion, cubical, 

from -78° to -j- 18°C : 14 X 10-“ 

Heat of Formation, Kcal./mole at 298°K : -103.6 

Free Energy of Formation, Kcal./mole at 298°K : -72.7 

Entropy, cal./deg./mole at 298°K: 36.1 

Melting Point: 337°K (610 ± 10°C) 

Literature values vary from < 400° to 610°C, with and without mention of 
decomposition. 

Heat of Fusion : 


14 X 10-“ 


44V22I 


-103.6 

-72.7 

36.1 

337°K (610 ± 10°C) 


1.9 

1.9 

1.3.9 
1 

65 


Boiling Point: 


decomposes at 
926°K (653°C) 


AddnI. Ref. 7 


Transition Point: 


Heat of Transition, Kcal./mole : 
Heat of Sublimation : 

Heat Content or Enthalpy : 

Heat Capacity, cal./deg./mole: 


a (rhombic) to p (cubic) 
at 572 c K (299°C) 

3.29 


(solid) 26.33 


Decomposition Temperature, °C : Starts at about 530° and is complex. 

See Addnl. Ref. 10 for TGA 

Heat of Decomposition of Perchlorates, Kg, cal. /mole (constant volume) at 


4, 9 

Addnl. Ref. 4 
47 


Addnl. Ref. 8 


room temperature, KCIO, - 
Decomposition Products: 

Vapor Pressure: 

See 54V1 

X-Ray Crystallographic Data: 


KCI0 2 + 0 2 : 


KC1 + 40 


System 
rhombic 
cubic (340°C) 


Space Group 
Vi* 

T or T* 


8.834 5.650 7.240 
7.47 

8.857 5.663 7.254 


Moleculer/ 
Unit Cell 
4 


Addnl. Ref. 9 
97V6 


r 


4 


Potassium Perchlorate, KCIO< (png« 2) 


Hygroseopicify : Gain (mg./g.) at 23-3°C and 93% R.H. after equilibrium has 
been established in a vacuum desicator. 

Spec, grade, after 24 hrs. : 1 


Purified, at equilibrium : 

<1.0 

Critical R.H. of spec, grade material : 

99.3% at 26.2° C 

Solubility Data : In water, g./lOO ml. : 

0.75 at 0°C 
and 21.8 at 100 1 

Solubility in Nonaqueous Solvents at 25°C : 

Solvent 

g./lOO g. of solvent 

Acetone 

0.155 

Eethyl acetate 

0.0015 

Ethyl alcohol 

0.012 

Ethyl ether 

insoluble 

Methyl alcohol 

0.105 

Ethyl glycol 

1.03 


Health Hazard: Moderately toxic and irritating to the skin, mucous mem- 
branes, and respiratory tract. It may affect the kidneys. Avoid contact with 
KC10 4 . The probable lethal dose for humans is 50-500 mg./kg. 


32 
1, C5 


65 

72 

77 


93, 12, 29, 65 


Safety Classifications: 

OSM: Class 1. Class 2 when not packed in original shipping containers or 
equivalent. 

ICC : Listed under Explosives and Other Dangerous Materials. Classed as 
oxidizing material ; yellow label. 

Fire and Explosion Hazard : A fire and explosive hazard, particularly when 12, 14 
mixed with organic material, finely divided metals or sulfur. When heated 
it emits highly toxic fumes. For fighting a fire or potassium perchlorate 
alone use water. 

Electrostatic Sensitivity: 

Impact Tests : Charge weight = 0.023 g. 33 

Bureau of Mines Apparatus, 2 kg. wt., cm.: (10% point) 100 + 

P. A. Apparatus, 2 kg. wt., in. : (10% point) 40 + 

Use in Pyrotechnics : As an oxidizer and to color burning compositions purple- 
red. 


Additional References: 

1) Ref. 47 

2) "Simple Method for Derivative Differential Analysis,” E. Freeman and 
D. Edelman, Anal. Chem. 31,624 (1959) 

3) M. M. Markowitz, J. Phys. Chem. 61, 505 (1957) 

4) L. L. Bircumshaw and B. H. Newman, Proc. Royal Society (London) 
ASZ7, 115 (1954) 

5) A. E. Harvey et al., J. Am. Chem. Soc. 76 , 3270 (1954) 
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I’olmiimi i'vn'liiairiili', KCIO 4 (page 5) 

(!) "Precise Studies of the Crystal Structures of Lithium Perchlorate Tri- 
hydvute, Anhydrous Lithium Perchlorate, and Potassium Perchlorate," 
H. J. Prosen and K N. Trueblood, Perchlorates TN-2, OSRTN 56-563, 
ASTI A Document No. AD 110-384 (1956) 

7 ) C. Duval, C. A . J,2. 8698 < 1 948) 

8) K. A, Hoffman and P, H. Marin, C.A. 27, 1284 (11)32) 

3) "The Crystal Structure of Potassium Perchlorate — KCl©*,” N. V. Mani, 
Proceedings of the Indian Academy of Science, pp. 143-151 (1337) 

10) Anal. Chem. Acta 2 , 105 ( 1 948) 


253 


S1IKI.I A< 

(For trade nuinpH hiiiI manufacturers,, see lief. <»0) 


Kefs. 


Shellac is a variable natural product ouuuueh from various spout** of i 
Acacia. 

Shellac is t««e only resinous substance of animal origin. It is produced by Pi, 20, 59, 
an insect (Tachadia iacca) which lives on certain trees of southern Asia. The 52V7 
insect takes up sap through its stinger and after a semi-polymerization process 
exudes it as a gum. This lac secretion coats their bodies and the twigs of the 
trees with a heavy incrustation which is scraped off and forms the commercial 
stick iac. This contains not only the lac resin hut also woody matter, lac dye, and 
the todies of insects. The seed lac is ground and washed to remove the wood 
and most of the coloring matter. Shellac is prepared from the seed lac by melt- 
ing or by extraction with solvents. The melton materia! is spread over a hot 
cylinder, stretched, and cooled. The cooled sheet is then broken into flakes of 
shellac. After purification, shellac varies in color from i ange to lemon yellow. 

Orange shellac may contain as much as 1% of powdered orpiment (As 2 O s ). 

Chemically, shellac contains condensed long chain esters of condensed poly- 
hydroxy acids together with rosin and wax. By solvent action the wax content 
cf the seed lac is reduced to 1%. Shellac is graded by color and amount of dirt. 

The best grade contains no resin, but in inferior grades the resin content may 
be as high as 12'%. 


Characteristics of Shellac (analytical) : 


Acid Number: 48-64 

Ester Number : 137-63 

Saponification Number: 194-213 

Iodine Number: 185-210 

Specification No. : MIL-S-20526 


(Includes U S. Army Specification No. 50-11-17A) 

The spec, covers three grades which differ in purity. Grade A is used in 
both primer pyrotechnic compositions. Grade A includes the giades of 
orange shellac known as “Double Triangle G,” “Diamond I,” “Superfine,” 
the highest grades, “D.C.” and “V.S.O.’' The so-called machine-made shel - 
lacs, such as "CV” and “CVTN,” in general fall under Grade A. 

Molecular Weight: 

Crystalline Form : 

Color: pale orange to 

lemon yellow 

Density, g./ml. : (solid) 1.08-1.13 

Coefficient of Thermal Expansion : 

Heat of Formation : 

Free Energy : 

Entropy : 

Melting Point : indefinite 388-393 c ’K 

(115-120°C) 

Heat if Fusion : 

Boiling Point : 


1 

1 

1 

29 


59 

1 


20, 9 
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decomposes 


.“'Iiellar (page 2) 


Transition Point: 

Heat of Sublimation; 

Heat Content or Enthalpy : 
Heat Capacity: 

Decomposition temperature : 
Decomposition Products : 
Vapor Pressure: 

X-Tny Crystallographic Data: 


Hygroscopicity : Nonhygroscopic and not altered on exposure to the air. 
Solubility Data, g./lOO g. solution : 

In water; insoluble 

In alcohol: 85-90 


(very slowly soluble) 

In ether : 13-15 

In benzene : 10-20 


Sparingly soluble in ci! or turpentine. Soluble in aqueous ethanolamines, 
alkalies, or borax. Solubility in petroleum ether, 2-6 g./lOO g. solution. 
Soluble in the lower aliphatic alcohols but not in hydrocarbons. 

Health Hazard : none 

Safety Classifications: 

OSM : not listed 

ICC : not listed 

Fire and Explosion Hazard: Easily ignited and continues to burn. 

Ignition Temp, of Dust Cloud, °C : 390 

Minimum Explosive Concentration of Dust, 
mg./]. : 15 

Electrostatic Sensitivity, minimum energy required for ignition of dust cloud 
by electric sparks (millijoules) : 10 


1 

29 


29, 59 


60 

26 

26 


26 


.in Pyrotechnics: as a binder, a fuel retardant, and to reduce absorption 
of moisture. It is applied as an alcoholic solution. The alcohol is allowed to 
evaporate after application. 


20 VI, 20 V3 
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SiMCON, Si 


i 


,Yc/.,\ 


Specification No. : 


JAN-S-230 and 
Amendment 1 


Amendment 1 lists two grades differing slightly in purity, and four classes 
differing in granulation. 

Molecular Weight : 28.0b 

Crystalline Form: Needle-like crystals or rcatahedral platelets (cubic). Occurs 1, 29 
in three forms: adamantine (cubic), amorphous, and graphitoidal. 

Color: Lustrous black to gray. The amorphous form is a dark brown powder, 1, 29 
steel grey, black plates. 


Types and Differences of Behavior: Brown amorphous silicon dissolves in 
molten metals and burns in air to form Si0 2 . Black, shiny graphitoidal sili- 
con is not easily oxidized and l.ot attacked by the common acids, but i3 
soluble in alkalies. Crystalline silicon is obtained in dark, steel grey globules 
or six-sided pyramids. It is less reactive than the amorphous form, but is 
attacked by boiling water. The three torn s are obtained by reduction. Com- 
mercial silicon is the graphitoidal flake form and when refined contains 
37 % Si and less than 1 % iron. 


16, 29 


Density, g./ml. : 


Coefficient of Thermal Expansion, linear at 25°C : 

40°C : 

Heat of Formation, Kcal./mole at 298°K: 

Free Energy of Formation, Kcal./mole at 29o c K ; 
Entropy, cal. /deg. /mole at 298°K: 

See Table a 


(solid) adamantine, 2.42 
amorphous, 2.00 
graphitoidal, about 2.4 

4.2 X 10 8 
7 .63 X 10 8 

(gas) 880.4 
(s~>) 77.41 

(gas) 40.12 
(c) 4.53 


1 


29 

1 

1,9 
1,9 
1,5,« 
1, 5.9 


Meiting Foint : 

Heat of Fusion, cal./mole: 

Boiling Point: 

Heat of Vaporization, Kcal./mole: 
Transition Point: 


-,*r «-w>r.n\ 

loot; u \ v.' / 

12,100 

2950° K (2677°C) 

about 72.6 

none up to 1273°K 
(1000°C) 

about 2873°K (2600°C) 


4 

4 

5 

40V2 

Addnl. Ref. 1 


40 


Heat of Sublimation, Kcai./mole: (monatomic Si) 105 

Ileat Content or Enthalpy, cal./mole at 298°K: (solid) 769 


5 
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Silicon., Si (piigc 2) 


a. 

HEAT CONTI- 

NT ANI) ENTROPY OF Si {<•, 

1 ) 

■1 


(Base 

crystals at 298.1 5°K) 


1 

T, ' K 



T, °K 

H t "* 1 1 •.*!>«. i.'i 

S T S’hvi.-, 


cal. /mole 

cal. /dog 


cal /mole 

cal. /deg. 



mole 



mole 

100 .... 

515 

1.48 

1400 

6680 

9.04 

500 .... 

1060 

2.69 

1500 

7340 

9.49 

600 .... 

1630 

3.73 

1600 

8010 

9.92 

700 .... 

2220 

4.64 

1685 (c) . . . 

8580 

10.27 

800 .... 

2830 

5.46 

1685 (1) . . . 

20,680 

17.45 

900 .... 

3450 

6.19 

1700 

20,770 

17.50 

1000 .... 

4080 

6.85 

1800 

21,380 

17.85 

1100 .... 

4720 

7.46 

1900 .... 

21,990 

18.18 

1200 .... 

5360 

8.02 

2000 

22,600 

18.49 

1300 .... 

6020 

8.55 






Si (c) : 




Enthal.y H T - 

H^bs. is — 5.70T 

+ 0.35 X 10 a T 2 

+ 1.04 X lO'T 1 - 

2079 



(0.3 percent ; 298-1685°K) 




Ilent Capacity 

C p == 5.70 4 - 0 70 v 10 3 T - 1.04 X 10 B T 2 





Si (1) : 




Enthalpy: H T - 

TJ i* -* am 

11298,15 — O.lV JL 

+ 10,400 (0.1 percent; 1685- 2000°K) 


Heat Capacity: 

C p — 6.10 





b. 

HEAT CONTENT AND ENTROPY OF Si (g) 

4 


(Base, 

ideal gas at 298.15°K) 



T, °K 

H t - H 29 R is 

Si — 

T, °K 

H t - H^br.is 

St — Szds.is 


cal./mole 

cal. /dee. 


cal./mole 

cal. /deg. 



mole 



mole 

400 .... 

535 

1.54 

1900 

8140 

9.43 

5C0 .... 

1045 

2.68 

2000 

8665 

9.70 

60u .... 

1555 

3.61 

2200 

9715 

10.20 

700 .... 

2060 

4.39 

2400 

10,780 

10.67 

800 .... 

2560 

5.06 

2600 

11,850 

11.10 

900 .... 

3060 

5.65 

2800 

12,935 

11.50 

1000 .... 

3565 

6.18 

3000 

14.020 

11.87 

1100 .... 

4065 

6.66 

3500 

16,765 

12.71 

1200 .... 

4 ont> 

/.Vi) 

4000 

19,520 

13.45 

1300 .... 

5070 

7.49 

4500 

22,280 

14.10 

1400 .... 

5575 

7.87 

5000 

25,040 

14.69 

1500 .... 

6085 

8.22 

6000 

30,555 

15.69 

1600 .... 

6555 

8.55 

7000 

36,105 

16.55 

1700 .... 

7105 

8.86 

8000 . . . . 

41,845 

17.31 

1800 ... 

7625 

9.15 
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Silk n, Si ( 3) 


Enthalpy : H T 


Si \g) ■ 

4.82T f C 09 x 10 3 T-- 
(0.3 percent ; 298- 5000‘ K) 

Heat Capacity • C„ 4.82 4- 0.18 X 10 S T + 0.42 X 10 5 T * 
Heal. Capacity, cal./deg./molc at 298’K: (solid) 

(liquid) 

(gi>s) 

Also see above 

Decomposition Temperature: 

Decomposition Products: 

Vapor Pressure: 

_ 


-0.42 X 1 0 # T 1 1304 


4.80 

7.0 

5.32 


Pres3. nim. 
TempX’Cf" 


1 

1724 


10 

"1888 


40 


400 


760 


2000 


2083 


2220 


2287 


M.r. 

1 ^ 0 “ 


at melting point, mm. 

X-Ray Cryatalbipraphie Date 

System Space Group 

cubic 

Hygroseopicity 


0.075 


a A toms /Unit Cell 

5.4178 8 

(milled Si) , cumulative increase- in weight after : 




storage over H a O for 18 days 
4.8 ffc 

taome caKmg of powder nufed.) 
Solubility data : 

In water: 

In molten alkali oxide, HF : 
Health Hazard: 

Safety Classifications : 

OSM: 

ICC: 


3 days in oven at 105 c 
0.4% 


insoluble 

soluble 

slight 


C 


electric sparks, millijoulcs for dust, cloud : 
Ignition Temperature, °C : 

Minimum Expiosive Concentration of powdered 
silicon, rr.g./l : 

Use in Pyrotechnics: 

Additional References : 

1) J. Phys. Chem. 60 , 509 (1956) 


80 

(dust cloud) 775 
(dust layer) 950 

100 

as a fuel 


Class 2 

not listed. Probably classed 
as a flammable solid 
U.N. : inflammable solid 

Fire and Explosion Hazard: Powdered silicon when heated in the air is a dan- 
gerous fire hazard. It burns with intense heat and reacts explosively with 
i.aiui£,Iuk iido, ar.4 with «ai*. o- au.. Prevent water from contact- 
ing the material. Store anu , oil., .. room or building adequately 

vented at the highest point to prevent accumulation of hydrogen gas which 
results from the reaction of powdered metal and moisture. In the repair or 
maintenance of buildings or equipment, powder or dust should be removed 
and nonsparking tools used. 

The powder ip moderately explosive. 

Electrostatic Sensitivity, minimum energy required for ignition of powder by 


50 


1 

29 


25 


12, 14 


49, 51 

26 

26 


26 
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SILICON MOXIDIv, SiO., 


((^uarlz, Silica, Silicic, t 

Percent Oxygen : 

Specification No. : 

Molecular Weight: 

Crystalline Form: 


\ iltvdridc, Cock Crysl ,ii, C 

53.25 

60.06 


isle) 


Type of SiO ; . 

Crystalline Form 

Density 

M.P. °C 

cristobalite 

cubic or tetragonal 

2.32 

1710 

lechatelierite 

2.20 


quartz 

hexagonal 

2.653-2.660 

<1470 

tridymite 

rnoirmic 

2.28-2.33 

1670 

Color: 


colorless 


Density, g./ml. : 


(solid) 2.65! 

1-2.660 

See table above 




Coefficient of fherma 

1 Expansion : 



quartz (c),-190° 

to + 16°C : 

5.21 X 10 9 


parallel to axis, 0 

80 °C : 

7.97 X 10-® 



lu'fa. 

12 


perpendicular to axis 0-80° C : 
fused, -191° to + 16°C: 

0-30‘ G : 

0-10G°C : 

0-800 C: 

0~1200°C: 

cubic expansion, quartz, 50-60°C : 

Heat of Formation, Kcal./molc at 298° K : 

Free Energy of Formation, Kcal./mole at 298°K : 


13.37 X 10 B 
0.256 X 10 0 
0.42 X 10 15 
0.50 X lO " 

0.546 X 10 9 
0.585 X 10 ® 
0.3530 X 10 4 

quartz, - 205.4 
cristobalite, -205.0 

quartz, -192.4 
cristobalite, -192.1 
tridynite, -191.9 

a. HEAT AND FREE ENERGY" OF FORMATION OF Si0 2 
(a-quartz, ^-quartz, 1) 


1,9 

1 


T, °K 


A H (cal. /mole) 


A F° (cal./mole) 


2"°.16 . . 

-209.9^0 (^r 1000) 

'QK Of" 

400 

-209,900 

-192,500 

5C0 

-209,800 

-188, luO 

600 

-209,700 

-183,800 

700 

-209,500 

-179,500 

800 

-209,200 

-175,200 

848 ..... 

-209,000 

-173,200 

848 

-208.70U 

-173,200 

900 

-208,600 

-171,000 

1000 

-208,400 

-166,800 

1100 

-208,300 

-162,700 

1200 

-208,100 

-158,500 

1300 

-207,900 

-154,400 


1000) 
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Mlicotn Diovule, 

Si0 2 (piisp* 2? 


T, °K 

All (cal. /mole) 

A F" (cal./mole) 

1100 

-207,800 

-150,300 

1500 

-207,600 

-116,200 

1600 

-207,400 

-142, 100 

1683 ..... 

-207,300 

-138,700 

1683 

-218,100 

-138,700 

1700 

-218,300 

-138,000 

1800 

-218,200 

-133,200 

1883 

-218,100 

-129,300 

1883 

-216,000 

-129,300 

1900 

-215,900 

-128,500 

2000 

-215,200 

-123.900 


Phase changes of Oxide 


T.P. 

(«-quartz to /9-quartz) , 848°K ;iH = 

290 cal./mole 

T.P. (/3-quartz to /3-tridymite) , 1140°K ; A K 

— 180 cal./mole 


M.P., 1883°K ; A H — 2040 cal./mole 

b. HEAT 

AND FREE ENERGY OF FORMATION OF SiO, 


(a-cristobalite ; /3-crislobalite) 


o 

A H (cal./mole) 

A F° (cal./mole) 

298.16 .... 

-209,550 ( ± 250) 

-196,650 ( +300) 

400 

-209,600 

-192,200 

500 

-209,500 

-187,900 

523 

-209,450 

-186,900 

523 

-209,250 

-186,900 

600 

-209,100 

-183,600 

700 

-208,900 

-179,350 

800 

-208,700 

-175,150 

900 

-208,500 

-171,000 

1000 ..... 

-208,300 

-166,800 

1100 

-208.100 

-162,700 

1200 

-207,950 

-158,550 

1300 

-207,750 

-154,450 

1400 

-207.550 

-150,350 

1500 

-207,350 

-146,300 

1600 

-207,200 

-142,200 

1683 

-207,050 

-138,850 

1683 

-218,150 

-138,850 

1700 

-218,100 

-138,050 

1800 

-218,000 

-133,350 

1900 

-217,850 

-128,650 

2000 

-217,700 

-123,950 


Phase changes of Oxide 
T.P., 523°K ; a H — 200 cal. /mole 
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'iiliroit D+vidr., S<1 ( §»v,V' ■> 1 


c. II HAT AND FREE HNKKCY , <’ FO!+' ATIDN OH SiU. 
(<■< i i id., ;f i.ri i ) 


1\ c K 

A H ( ai./jno: ) 

A F‘ (<'•+■■ m . i«* 

298.16 

209.100 { ■ lOO+i 

<96.; .00 { ! MM 

390 

-209 100 

: i. )(> 

390 

209,100 

492, 6(H) 

400 

209,400 

- ! U’i, ri)vr 

500 

- 209,200 

- 1 87,800 

600 

-209,100 

•18:5.600 

700 

20 ,900 

-179,490 

800 

200,700 

175,200 

900 

-238,500 

471,000 

1000 

2u8,300 

-166,800 

1 100 

-208,100 

! 62,700 

1200 

-207,900 

-158,600 

1300 ..... 

-207,700 

-if>4, 100 

1400 

-207.500 

-150, 130 

1500 

-20 7,300 

-1 46,800 

1600 

-207,200 

-142,200 

1683 

-207,000 

-138,800 

1683 

•218,100 

- 138,800 

1700 

-218,000 

-138.000 

1800 

-218,000 

-13. >,400 

1900 

-217.800 

-128,700 

1953 

-217,700 

-126,200 

1953 

-215,600 

-126,200 

2000 

-215,200 

- 123,900 


Phase changes of Oxide 

T.P. (a--trid. to /3-trid.) , 390°K ; A H ---- 40 cai./molo 
T.P. v/3-trid. to /9-crist.), 1743°K; Ail 30 cal./moie 
M.P., 1G53°K ; A H ~ 2150 cal./mole 


Free Energy Equations : 

Reaction Range of Validity, "ft. 

1) Si (c) -f 0, (g) = SiO, (n-quartz) 298.16-848 

A F t -= - 210,070 + 3.98T log T- 3.32 (10 *T 2 ) +6.05 (10 5 T ') + 3-J.59T 

2) Si (c) + Oa (g) -=Si0 2 (/3-quartz) 848-1683 

A Ft — - 209,920 - 3.36T log T - .19 (10»T*) -.745 (10--T ’) | 53.44T 

3) Si (1) + 0 2 (g) — Si0 2 (/3-quartz) ’683-1.893 

A F^ — - 219,000 + .58T log T - .47 (10 S T 2 ) - .20 (10 5 T ') + 46...8T 

4) Si (1) + 0 2 (g) = Si0 2 (1) 1 883-2u00 

A Ft-- - 228,590 - 15.66T log T + 103.97T 

5) Si (c) + 0 2 (g) — Si0 2 ((i-cristobalite) 298.16-523 

A F£ = - 207,330 + 19.96T log T - 9.75 (10 *T S ) - 745 ( 1C/T ») - 9.78T 
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Dioitiif , S?0 2 (page 4) 


6) Si (c) -l-Oj . (g)=-=Si0 2 ifi- cristobalite) 523 1683 

A F£ = - 209,820 - 3.34T Jog T - .24 (iC '"’T - 7^5 (10»T ‘) 4- 53.35T 
7} Si (!) : 0* (g) = SiO* yfi istobalits) 1383 2000 

A F-^r- -218 900 + .60T k>gT-.b2 <U> 3 'F> - 20 (10T '■) + 46.49T 

8) Si (c) 0 2 ( t ) =SiO : (a-tridyiui .) 298.16-390 

A F .? --■= - 207,030 + 22.291 log T - 1 1 .6 '. ( : G " r: ) .745 ( 10 S T-’ ) ~ 1 5.64T 

9) Si (c) i 0 2 (s) = Si0 2 (8-tridymite) 390-1683 

A F" ==- 209,350 1.59T log T • .54 <10 S T 2 ) -.745 (10*T>) + 47.86T 
10; Si (1) +• *. t, (g) — RiOj idymite) 1683-1953 

A Ff -218.430 H 2.35T log T - .82 (10 "T 3 ) -.20 (HPT >) + 41.00T 

Entropy, cal. /deg./mole at 2S8°K: quartz, 10.00 

cristobalite, 10.19 
tridymite, 10.36 

See Table d 
Melting Point: 

See Crystalline Form 

Heat of Fusion, Xcal./mcle at 298°K : quartz, 2.04 

cristobalite, 3.S zt 0.5 

Boiling Point: 2503°K (2230°C) 

Heat of Vaporization : 

Heat of Sublimation : 


1,9 

1 

1 


9 

24 

1 


d. HEAT CONTENT AND ENTROPY OF Si0 2 (cristobalite) 
[ Base, a~cr. /seals at 298 15°I1) 


4 


1 

, °K Hr ~ Hi#*. n 

cal. /mole 

St - S^s, ir. 

cal. /deg. 
mole 

* 

O 

* 

Ht ■- 

cal./mole 

St - Siss.is 
cal./deg. 
mole 

400 

1210 

3.48 

1200 ..... 

14,080 

20.90 

500 

2860 

G.43 

1300 . . . . 

15,790 

22.27 

523 

V> . . . 2910 

7.16 

MOO 

17,510 

23.54 

52? 

\fl) . . 31)0 

7 54 

1500 

19,240 

24.74 

600 

4310 

9.63 

1600 

20,990 

25.87 

7*0 


12.05 

1700 

2.2,750 

26.93 

800 

. . . . 7460 

14.20 

1300 

24,520 

27.95 

900 

, . . 9090 

16.12 

1 000 . . . 

26.320 

28.92 

1000 

. . . . 10 730 

17 85 

2000 . . . 

28,120 

29.84 

110 

.... 12,390 

19.43 





Si0 2 ( e-cristobalite) 

Enthait'V : H T - H, w 1.28T-I 10.53 X 10-*T* -2212 ( 10 percent ; 298-523°X ) 
Heat Capaeit’- : C,, - 1 28 -f 2’ 06 X 10 *T : a H s *s (transition) -- 200 
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Silicon Dioxide, Si0 2 (page 5) 


Si0 2 (0-cristobalite) : 

Enthalpy : H T - H 298 ., B = 14.40T + 1.02 X 10 a T 2 - 4696 (0.2 percent ; 523-2000°K) 
Heat Capacity: C p — 14.40 +2.04 X 10 a T 

e. HEAT CONTENT AND ENTROPY OF Si0 2 (gl) 

(Base, glass at 298.15°K) 


T, °K 

H T — Iii»98.i5 

cal./mole 

St — S 29 g,is 
cal, /deg. 
mole 

T, °K 

Ht - H 29 g,is 

cal./mole 

St - S 2 98, 15 
cal. /deg. 
mole 

400 ... 

1230 

3.54 

1300 . . . 

15,450 

21.57 

500 ... 

2550 

6.48 

1400 . . . 

17,240 

22.90 

600 ... 

3950 

9.03 

1500 . . . 

19.080 

24.17 

700 ... 

5430 

11.31 

1600 . . . 

20,980 

25.39 

800 ... 

6990 

13.39 

1700 . . . 

22,930 

26.57 

900 ... 

8610 

15.30 

1800 . . . 

24,920 

27.71 

1000 . . . 

10,280 

17.06 

1900 . . . 

26,950 

* 28.81 

1100 ... 

11,980 

18.68 

2000 . . . 

25,010 

29,87 

1200 . . . 

13,700 

20.17 





Si0 2 (gl) : 

Enthalpy: H t -H 298 ., s = 13.38T + 1.84 X 10 *T 2 + 3.45 X 10'T 1 - 5310 
(0.4 percent ; 298-2000° K) 

Heat Capacity : C p == 13.38 + 3.6S X 10 a T 2 - 3.45 X 10 5 T 2 


f. HEAT CONTENT AND ENTROPY OF Si0 2 (tridymite) 
(Base, tr-crystals at 298.15°K) 


4 


T, °K 

H t - H -:98.1b 
cal./mole 

St - S 2 9«. in 
cal. /deg. 
mole 

T, °K 

Ht - H 2 98 15 

cal./mole 

St ~ 3:298.1 5 
ca /deg. 
mole 

350 , . . . 

585 

1.81 

1100 .... 

12,250 

19.25 

390 (a) . . 

1085 

3.16 

1200 .... 

13,940 

20.72 

390 (0) . . 

1125 

3.26 

1300 .... 

15,650 

22.09 

400 .... 

1270 

3.63 

1400 .... 

17,370 

23.?7 

500 .... 

2710 

6.84 

)500 .... 

19,100 

24.56 

600 .... 

4170 

9.50 

1600 .... 

20,85C 

25.69 

700 .... 

5710 

11.87 

1700 .... 

22,610 

28.75 

800 .... 

7320 

14.02 

1800 .... 

24,390 

27.77 

900 .... 

8950 

15.94 

i 1900 .... 

26,180 

28.74 

1000 .... 

10,590 

17.67 

2000 .... 

27,980 

29.66 


SiG 2 (<*~tridymite) 

Enthalpy : H T - H 2# - l5 = 3 27T + 12.40 X 10 T 2 -2077 (O.z percent ;298-390°K) 
Heat Capacity : C p - 3.27 + 24.80 X 10 *T; A H»»* (transition) = 40 


4 


S'0 2 ( /8-tridymite) : 

Enthalpv : Hr- 1S.64T + 1.32 X 10 *T* - 4395 (0.7 percent ; 590-2000°K) 


'{eat Capacity: C,, • - 13.64 -f 2.64 X 10 *T 


2 r 3 


Silicon Dioxide, SiO* (page 6) 


Transition Point, °K: c. III 91 c, II 846 r . c, 1 1140 tridymite, c, 1 
Heat of Transition, Kcal./mole : 0.15 0.12 

Heat Capacity, cal./ deg./mole: (solid) 10.62 

(gas) 7.14 

See Tables d, e, f 

Decomposition Temperature: At 1173-1428°K and at 1900°K the gas is SiO, 
Decomposition P v ducts : 

Dissociation Pressures: 

Vapor Pressure : 


Press, mm. 10 

40 

100 

400 

760 

M.P. 

Temp. °C 1732 

1867 

1969 

2141 

2227 

1710 

X-Ray Crystallographic Data: 



Space 



Molecules/ 

Substance 

System 

Group 

a 

b c 

Unit Cell 

0-cristobalite (at290°C) 

cub 

oi 

7.12 


8 

a-quartz 

hex 

D| or D| 

4.903 

5.393 

3 

0-quartz (at600°C) 

hex 

DJ orDf 

5.01 

5.47 

3 

«-tridymite 

rhomb 

DJh 

9.88 

17.1 16.3 

- 64 

0-1 im^dite 

hex 

DJ h 

5.03 

8.22 

64 


Kygroacopicity : 

Solubility. Data : Soluble in HF ; very slightly soluble in alkalies. Insoluble in 
water and acids.For the effect of particle size on the soly. of amorphous 
SiO* in water see Addnl. Ref. 1. 

Health Hazard : Prolonged exposure to Si0 2 dust causes disabling pulmonary 
fibrosis (silicosis). The presence of other dusts may reduce the action of 
the silica; this is particularly so with small amounts of A] dust. 

M.A.C., million particles per cu. ft. of air for an 8 hr. working day. 

Silica — high (above 50% free SiO*) : 5 

medium (5 to 50% free SiO*) : 20 

low (below 5% tree SiO*) : 50 

Safety Classifications : rone listed in OSM, ICC 

orU.N. 

Fire aud Explosion Hazard: 

Electrostatic Sensitivity : 

TEMPERATURE STABILITY OF ALLOTROPIC FORMS OF SiO* 


Form 
Low («) quartz 
High (0) quartz 


Low (a) tridymite 


Addnl. Ref 3 


63 


1, 18 


12, 14,25, 29 


Addnl. Ref. 4 


Temperature Stability 
Stable at atmospheric temp, and up to 
571i°C. 

Stable from 573 to 870°C ; capable of exis- 
tence abo'’e 870°C but is not stable. 

Capable of existence at atmospheric temp, 
and up to 117°C, but is not stable in this 
range. 
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Silicon Dioxide, Si0 2 (page 7) 
Lower-high (j3i) tridymite 

Upper-high (/3 a ) tridymite 

Low (<») Cristobal ite 
High (j0) cristobalite 
Vitreous silica 


Capable of existence between 117 and 163°C 
but is not stable in this range. 


Capable of existence above 163°C, and is 
stable from 870 to 1470°C; above 1470°C is 
again unstable; melts at 1670°C. 


Capable of existence above 163°C, and up to 
200 to 275°C but is not stable in this range. 

Capable of existence above 200 to 275°C,.xnd 
is stable from 1470 to 1710°C (M.P.). 

Capable of existence at atmosphere temps, 
and up to 1000°C and above where it begins 
to crystallize with measurable rapidity, but 
is an unstable undercooled liquid at ail 
temps, below 171S°C. 


Use in Pyrotechnics : A product resulting from burning silicon or silicon com- 
pounds. 


Additional References: 

1) G. B. Alexander, J. Phys. Chem. 61, 15S3-64 (1957) 

2) Ref. 44V15B 

3) L. Brewer and D. F. Mastick, J. Chem. Phys. 19, 834 (1951) 

4) “Crystal Chemistry in Ceramics: VI p obi™ 0 n?hism,“ W Hauth Jr., 
Bull Am. Ceram. Soc. SO, (5) 165-87 (1951) Cited by Ref. 6t>„ 

b) 97 VI 
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SODIUM, Na 

(Natrium) 


Refs. 


I 

I 


Specification No.: JAN-S-328 

Molecular Weight: 22.991 


Crystalline Form : 


cubic 


Color : Silvery metal when freshly cut ; tarnishes rapidly on exposure to air, 
becoming dull and grey. 

Density, g./ml.: (solid) 0.97 M “ 


Coefficient of Thermal Expansion, linear, 

-188° to -fl7 r ‘C : 

Heat of Formation, Kcal./mole at 298°K: 

Free Energy of Formation, Kcal./mole at 298°K : 
Entropy, cal./deg./mole, at 2S8°K : 

See Tables a, b, and c 
Melting Point: 

Heat of Fusion, cal./mole: 

Boiling Point : 

Heat of Vaporization, cal./mole : 

Transition Point: 


6.2 X 10-* 

(monatomic gas) 25.9 
(diatomic gas) 33.8 

(monatomic gas) 18.595 
(diatomic gas) 24.685 

(monatomic gas) 36.71 
(diatomic gas) 33.8 
(c) 12.21 

370.97°K (97.81°C) 

622 

1178°K (905°C) 

23,330 


Heat of Sublimation, cal./mole : (monatomic gas) 25,900 

(diatomic gas) 33,800 

Heat Content or Enthalpy, cal./mole at 298°K : (solid) 1532 

See Tables a, b, c, and d 


1 

1,29 

1 

1 

5 

5 

5 

5 

4 

4 

4 

5 
5 


a. HEAT CONTENT AND ENTROPY OF Na (c, 1, g) 


4 


(Base, crystals at 298.15°K) 


T, °K 

H T - Hjs s u 
cal./mole 

St— Sjss.iiv 
cal. /deg. 
mole 

350 

360 

1.11 

371 (c) . . . 

514 

1.54 

871 (1) ... 

1 136 

3.21 

400 

1355 

8.78 

5°0 

2095 

5.44 

600 

2820 

6.76 

700 

8520 

7.84 

800 

4220 

8.77 

900 

4910 

9.68 

1000 

5595 

10.81 

1100 

6295 

10.98 


T, °K 

Ht - H 29R.K1 
cal./mole 

St— Sj #8 15 
cal./deg. 
mole 

1178 (1) . . 

6340 

11.47 

1178 (g) . . 

30,220 

31.32 

1200 .... 

30,380 

31.41 

I3u0 .... 

30,825 

31.80 

1400 .... 

31,325 

32.18 

1500 .... 

31,320 

32.62 

1600 .... 

82,315 

32.84 

1700 .... 

32,815 

38.14 

1800 .... 

33,310 

38.42 

1900 .... 

33,805 

38.69 

2000 .... 

84,306 

38.94 
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Sodium, Na (page 2) 

Na (c) : 

Enthalpy : H T - H 298 .i5 = 4.02T -f 4.52 X 10- 3 T 2 - 1599 (0.3 percent ; 298-37PK) 
Heat Capacity : C p — 4.02 + 9.04 X 10' 8 T 

Na (1) : 

Enthalpy : H t - Hjbh.is = 6.83T- 1.08 X 10 B T 1 - 1107 (0.2 percent; 371-1178°K) 
Heat Capacity : C p = 6.83 + 1.08 X 10 5 T' 2 

Na (g) 

Enthalpy: H T -H 2 9 8 . 15 --4.97T + 24,365 (0.1 percent; 1178-2000°K) 

b. HEAT CONTENT AND ENTROPY OP Na (g) 

(Base, ideal gas at 298.15°K) 




S T - S298.15 
cal./deg. 
mole 

9t20 

9.46 

9.S3 

10.37 

10.77 

11.14 

11.49 

12.29 

13.01 
13.70 
14.40 
15.98 

18.02 
20.45 


Enu.u py: H t -H 2 9b.i»== 4.97T-1482 (0.1 percent , 298-8000°K) 

c. HEAT CONTENT AND ENTROPY OF Na 2 (g) 
(Base, ideal gas at 298.1 5°K) 


T °K Hr-H 2 9J.1B St-S 2 98.1K 

cal. /mole cal./deg. 

mole 




T, °K 

H t - Hjjj 15 
cal. /mole 

St - S**s.u 
cal./deg. 
mole 


1800 .... 

9240 

13.61 

* j 

1400 .... 

10,185 

14.21 

1 

! 

1600 .... 

11,186 

i4.8’ 7 

t 

1600 .... 

12,090 

15.48 


1800 .... 

14,010 

16.61 


2000 .... 

15.945 

17.68 


2200 .... 

17,895 

18.66 


2400 .... 

19,860 

19.41 


2600 .... 

21,845 

20.21 









Sodium, Na (page 3) 

Na s {ar) 

Enthalpy : H T - H W8 , 15 = 8.96T + 0.18 X 10*T- + 0.10 X HPT- 1 - 2721 
(0.1 percent; 298-2600°K) 

Heat Capacity : C p = 8.96 + 0.86 X 10 *T - 0.10 X HPT* 

Heat Capacity, cal./mole at 298°K: (solid) 6.74 (liquid) 7.50 

(gas) (monatomic) 4.97 
(diatomic) 8.96 

d. HEAT CAPACITY OF SODIUM 
Solid, 298-371°K 
Liquid, 371-1163°K 
Gas (monatomic), 1163-3000 o K 


T, ° K 
298 
800 . 
400 
600 
800 
1000 
1100 

1200-2000 

2400 

2800 

3000 


C j(cal./deg./mole) 

6.74 

6.75 
7.52 
7.10 
6.90 
6.93 
7.01 
4.97 
4.99 
5.04 
5.08 


-+ 4.521, where P = atm. and T = °K 


See equations above 

Decomposition Temperature : 

Decomposition Products : 

Vapor Pressure: 

Press, mm. 1 10 40 100 400 760 M.P. °C 

Temp. °C 439 549 633 701 823 892 97J 

log P — ~^^-+ 4.521, where P = atm. and T = °K 

X-Ray Crystallographic Data: 

System Space Group a Atoms /Unit Cell 

cubic ot 4.282 2 

Hygrcecopicity : Reacts vigorously with water to form NaOH + H, 

Caution : keep under kerosene. 

Solubility Data : In water, alcohol : decomposes 

In benzene, ether: insoluble 

Herlth Hazard : Extremely caustic to all tissues. Reacts exothermally with 


Addnl. Ref. 2 


with the j 12, 29 


neeitn Hazard: extremely caustic to all tissues. Keacts exothermally with the 
moisture of the body or tissue surfaces causing thermal and chemical burns. 

Safety Classifications : 

OSH : class 2 

ICC : Listed under "Explosive* and Other Dangerous Articles" as a flam- 
mable solid ; yellow label. 
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Sodium, Na (page 4) 


Fire and Explosion Hazard: Metallic sodium has an autoignition temperature 
of 115° in dry air. It is dangerous when exposed to heat, flame, moisture, 
air, or oxidizing na. rial. It reacts exothermally with the halogens, acids, 
and halogenated hydrocarbons. 

Sodium must be kept dry to avoid explosions which may result from evolved 
hydrogen. When heated it emits toxic fumes of Na 2 0. Metallic sodium 
should be stored in airtight, steel drums. To fight fire use soda ash, dry 
sodium chloride, powdered talc or graphite. Do not use CCL, on fire as an 
explosion may result. 

Electrostatic Sensitivity: 

Use in Pyrotechnics : As a fuel and to color burning compositions yellow. 

Additional References: 

1) “Sodium, Its Manufacture, Properties and Uses,” M. Sittig, Reinhold 
Publishing Corp., New York ( 1956) . See especially the chapter on physi- 
cal and thermodynamic properties. 

2) “Determination of the Vapor Pressure of Sodium,” M. MaKansi et al., 
J. Phys. Chem. 59 , 40 ( 1955 ) 

3) C.A. 37 , 2578 (1943) 



12, 14, 75, 
Addnl. Ref. 3 
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SODIUM BICARBONATE, NaHCO, 

Refs. 

(Sodium Acid Carbonate, Baking Soda, Sodium Hydrogen Carbonate) 

1,11,29 

Specification No.: 

0-S-576B (technical 



grade) 


Molecular Weight : 

84.02 


Crystalline Form: 

monoclinic prisms 

1 

Color : 

white 

1 

Density, g./ml. : 

(solid) 2.159-2.22 

1 

Coefficient of Thermal Expansion : 



Heat of Formation, Kcal./mole at 298°K : 

(c) -226.5 

1 

Free Energy of Formation, Kcal./mole at 298° K 

: (c) -203.6 

1 

Entropy, cal./deg./mole at 298° K : 

24.4 ± .4 

1,3 

See table below 



Melting Point: 

loses C0 2 at 



543°K (270°C) 

1 

Heat of Fusion: 

— 


Boiling Point: 

— 


Heat of Vaporization: 



Transition Point: 



Heat of Transition: 

— 


Heat of Sublimation : 

— 


HEAT CONTENT AND ENTROPY OF NaHCO* 

4 

(Base, crystals at 298.15°K) 


f, °K H T — H WS1B St — Si*8.16 

T, °K H T - H 2 » 8 ., b 

St - S 298 . 1 B 

cal./mole cal./deg. 

cal./mole 

cal./deg. 

mole 


mole 

350 1140 3.52 

400 2320 

6.67 


NaHCOs(c) : 

Enthalpy: H t H m . 18 = 10.19T + 18.03 X 10 *T 3 -4641 (0.8 percent; 298-^00°K) 
Heat Capacity : C„ = 10.19 + 30.06 X 10 *T l 


Decomposition Temperature : Begins to lose COj at about 50°C, and at 100°C 
ia converted to NajCO*. In aqueous solution begins to break up into C0 2 and 
NaiCO» at 20°C and completely on boiling. 

Heat of Dissociation, cal. /mole: 15,360 

Vapor Pressure of dissociation to (CO a -f H,0) is given by 

logPmm. = ll.lS6-^_ 

See alco 42V7 

X-Ray Crystallographic Data : 

Molecules/ 

System Space Group a b c Axial Angle Unit Cell 
monocllnic CJ K 6.19 0.72 6 49 /5=rl20°42' 4 


29 


Addni. Ref. 2 
Addnl. Ref. 2 


1 


*70 





Sodium Bicarbonate, NaHCOg (page 2) 


Hygroscopicity : N?HCO s is stable in dry air. In the presence of moisture it 
gradually loses C0 2 and changes to NaHCO a ■ Na 2 CO s • H 2 0 

Solubuity Data : In water : 6.9 g./lOO ml. at 0° and 16.4 g./lOO ml. at 60°C 
In alcohol : slightly soluble 

Health Hazard: nontoxic, large doses may 

cause alkalosis 


Safety Classifications: 

GSM: 

ICC: 

Fire and Explosion Hazard : 
Electrostatic Sensitivity : 

Use in Pyrotechnics: 


inert material 
not listed 
net listed 
none 


as a retardant 


62 

1 

93, 29 


Additional References: 

1) Ref. 52V10 

2) R. M. Caven and H. J. Sand, J. Chem. Soc. 99 , 1359 (1911) 
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SODIUM NITRATE, NaNO, 

(Soda Niter, Chile Niter, Chile Saltpeter, Nitratine, Cubic Niter) 

Percent Oxygen : 56.46 

Specification No.: Mil -S-00322A 

The specification covers two classes : class 1, technical ; and class 2, double 
refined. The two classes differ in purity. 

Molecular Weight: 85.01 

Crystalline Form : trigonal or rhombohedra! 

Color : colorless 

Density, g./ml. : (solid) d = 2.116 - 0.67 X 10 »t u C (320-550°C) 

Coefficient of Thermal Expansion 
(averagefrom R.T. to M.P.) : 

Heat of Formation, Kcal./mole at 298°K : 

Free Energy of Formation, Kcal./mole at 298°K : 

Entropy, cal./deg./mole, at 298°K : 

See table below 
Melting Point: 

Heat of Fusion, eal./mole : 

Boiling Point: 

Transition Point: 

Heat of Transition, eal./mole : 

Heat of Sublimation : 


3.65 X 10 1 
(c>— 111.54 
(c) -87.45 
(c) 27.8 

579 2°K (306.1°C) 

3490 

decomposes 

atop 549.2° K (276.1 °C> 
810 


HEAT CONTENT AND ENTROPY OF NaNO* (c, 1) 
(Base, o-crystals at 298.15°K) 


Re;s. 

1,11,12, 29 


1 

1 

40V2 

31 

1,9 

1,9 

1,9 

4 

4 

1 

4 

4 


T, °K 

Ht - Hjss .,n 

eal./mole 

S T - Sjsa.is 
cal. /deg. 
mole 

T, °K 

H t - Hibr.is 
eal./mole 

St ~ Sms, 
cal./deg. 
mole 

400 .... 


2495 

7.16 

579.2 ( p ) . 


9140 

20.59 

500 .... 


5575 

14.01 

579.2 (i) . 

. 

12,630 

26.62 

549.2 (a) . 

. 

7260 

17.22 

600 .... 

. 

13,400 

27.93 

549.2 (p) . 

. 

8070 

18.70 

700 .... 


17,100 

33.63 


NaNO, («) : 

Enthalpy : H T -H„ B 10 ^6.34T + 26.66 X 10 »T J -4260 (1.0 percent ; 298-549.2°K) 
Heat Capacity : C f - 6.34 4- 53.32 X 10 *T 

NaNO, (p) : 

Enthalpy : H T - H„« t , = 35.70T - 11,536 (0.1 percent ; 549.2-579.2°K) 

NaNO,(l) : 

Enthalpy: H T ~ H», — 37.00T- 8800 (0.1 percent ; 57S.2-700°K) 


Heat Capacity, cal./deg./moie: 
See also table above 


(solid) 36.70 
(liquid) 37.00 
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Sodium Nilrale, NaNO a (pagv 2) 


Decomposition Temperature : 

For DTA and TGA see Refs. 33, 47 
Decomposition Products : 

380“C 

Na*0 -f NO, 

Vapor Pressure: 

X-Ray Crystallographic Data : 

System. Space Group 

a 

Axial Angle 

Molecules/ 
Unit, Cell 

rhombohedra) D? 

6.3108 

a = 47° 15' 59" 

2 

at 280°C 

6.56 

a = 45° 35' 


hexagonal 

5.07 

0 = 16.829 

6 


Hygroscopicity : Deliquesces in moist air. Keep container well c’osed. 

Critical R.H. : 82.7% at20°C (purified materia'.) 

Gain of purified material (41 /*) , at 70°F after 120 hours exnosure : 

(at 70% R.H.) 11% 

(90% R.H.) 25.75% 

Water absorbed by 2.000 g. at 25° ( 10 -80 mesh) : 

Hrs. 3 5 y 2 ?V 2 16 

g7H,0 absorbed 04)713 00355 01970 03924 

Solubility Data: 

In water (g./lOO ml.) : 73 at 0°C ; 180 at 100°C 
In NH S : very soluble 

In glycerine an^ acetone : slightly so) uble 

Health Hazard : Moderately toxic. Large amounts taken internally may be fatal. 
Safety Classifications: 

OSM : Class 1, packed and stored in original slapping containers. 

Class 2, when not packed or stored in original shipping containers 
or equivalent. 

ICO : Oxidizing material : yellow label. 

Fi. - and Explosion Hazard: Sodium nitrate is a dangerous fire and explosion 
hazard. It can ignite on friction. When heated above 1000°C or when heated 
with reducing materials, particularly cyanides, it emits toxic fumes on 
decomposition. 

Electrostatic Sensitivity : 

Use in Pyrotechnics: As an oxidizer, to impart a yellow color to burning compo- 
sitions, and incendiary mixt ures. 

Additional References : 

1) “Hygroscopic Properties of Sodium, Potassium and Ammonium Ni- 
trates, Potassium Chlorate and Mercury Fulminate,” G. B. Taylor and 
'V. C. Cope, Met. & Chem. Eng. 15 , 141 (1916) 


1 

33, 47 


1, »7V6 
18 

97 V 6 


29 

32 

33 


Addnl. Ref. 1 


12 

93. 12 


12 
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SODIUM OXALATE 


Formula: Na 2 C 2 0 4 

Specification No.. JAN-S-210 

Specification- The spec, covers one technical grade and three classes based on 
differences m granulation using U.S. standard sieves. 

Class a b_ c 

Through 420 micron (Nc. 40 sieve) 

%,min. 99 

Through 250 micron (No. 60 sieve) 

% lr min. 99.9 

Through 1 -58 micron (No. 100 sieve) 

%, nun. 99 9 

Molecular Weight : 134.01 

Crystalline Form: crystalline powder 

Color : white 

Density, g-./ml. : (solid) 2.34 

Coefficient of Thermal Expansion : 

Heat of Formation, Kcal./mole at 298°K : -314.3 

Free Energy' of Formation: 

Entropy : 

Meding Point: 505° K (232- 5° Cl 

Heat of Fusion: 

Boilmg Point: 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy : 

Heat Capacity, Cal/deg./mok. : (solid) 3*. 

Decomposition Temperature, °C: 480 

For DT> see Addnl. Refs. 2, 3 

Decomposition P-oduets: Na 2 CO» -}- CO 

Vfpex Pressure: 

X-Ray Crystallographic Data ; 


505° K ( 232- 5° C) 


(solid) 3-. 

480 

NasCO, + CO 


Addni. Ref. 1 


I System 

•itoiiOv'Hr.'.;- 


Space. G (rip 
C 


G 

92° 54’ 


Molecules/ 
Unit Cell 


Hygroscupicit, : Spec, grade (20 y.) 

Gain in «a. at l O' 7c R.IT and 70 °F m 12C^ hr. % : 
Gain in art. at 90% R.H. and 70 r 'F it 129 hr % • 
Material dried & t 240°C is not hygroscopic 

Solubihty Date: In water at ?.0°C. 

100°C : 

in alcohol : 


44V21 


3.7 g./fOO g. 
6.33 g/ 100 g. 
insoluble 


Sodium Oxalate (page 2) 


Health Hazard : A strong poison. Corrosive and produces local irritation. Taken 
orally has a caustic effect on the mouth, esophagus and stomach. Can cause 
severe damage to the kidneys. 

Safety Classifications : 

OSM: not listed 

r CC : not listed 

Fire and Explosion Hazard: Dangerous when heated to decomposition: emite 
toxic fumes. 

Electrostatic Sensitivity: 

Use in Pyrotechnics: As a retardant and to impart a yellow color to burning 
compositions. 

Additional References : 

1) C.A.4S, 1891 (1954) 

2) C.A. U9 , 14461 (lOSSi 

3) C.A. 50 , 7672 (1956) 


12, 29 


12 

17 






J 


i 

i 



( 

1 


( 
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SODIUM OXIDE, Na a O *•/*. 

(Sodium Monoxide) i 


Specification No*: 




Molecular Weight: 


61.99 


Crystalline Form: 


deliquesces in air 

1 

1 Color: 


•vhite 

1 

1 Turns yellow on heating 


50V12 

j Density, g./ml. : 


(solid) 2.27 

1 

j Coefficient, of Thermal Expansion : 

— 


Heat of Formation, 

Real. /mole at 298°X : 

(c) -99.4 ± 1.5 

2,9 

See Table a 




' Free Energy of Formation, K cal. /mole at 298°K : 

(c) 89.9 ± 1.9 

2 

See Table a 




a. HEAT AND FREE ENERGY OF FORMATION OF Na 2 0 (c, 1) 

4 

T.cK 

A H (cal. /mole) 

A F° (cal./mole) 


i 298.15 .... 

-99,400 v± 1600) 

-89,900 (±1900) 


i 371 

-99,400 

-87,500 


371 

-100,700 

-87,500 


! 400 

-100,700 

-86,500 


500 

-100,800 

-83,(H)0 


i 600 

-100,600 

-79,400 

700 

-ICO, 500 

-75,900 

801) .... 

-100,400 

-72,400 

900 

-100,200 

-69,000 

1000 

-99,900 

-65,500 

1100 

-99,500 

-C2.100 

1187 

-99,100 

-59,100 

1187 

-145,300 

-59,100 

1130 

-145,390 

-58 900 

1190 

-133,200 

-68,900 

1200 

-138,100 

— 4>8,2i)0 

1300 

-137,100 

-61,600 

1400 

-136,100 

-45,100 

1500 

-135,100 

-38,600 

1600 

-134,100 

32.200 

1700 

-133,100 

-25,900 

1800 

-132,100 

-19,600 

1900 ..... 

-131,100 

-18,400 

2000 

-130,100 

-7200 

; 

Phase Changec of Metal 



M.P., 371°K ;f.H = 626 cal./g.- 

stem 

B.F., 1 18'7°K ;aH = 23,120 cal./g.- atom 
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Sodium Oxide, Na 2 fl (page 2) 

Entropy, cai. /deg. /mole at 298“ K : 

See Table b 
Melting Point: 

Heat of Fusion, cal ./mole : 

Boiling Point: 

Heat of Vaporization, Kcal./mole: 
Transition Point: 

Heat of Sublimation: 


(c) 17.4 

1190°K ((y!7°C) 
7140 

sublimes at 

1548°K (1275°C) 

149 


b. HEAT CONTENT AND ENTROPY OF Na 2 0 <c) 



(Base, 

crystals at 29?.15°K) 



T, 

Ht — H 2 eg ti 

St — S 2 B8.)5 

T, °K 

Hr - H 2 »s, 15 

S T — S268.15 


cal./mole 

cal./ deg. 


cal. /mole 

cal. /deg. 



mole 



mole 

400 .... 

1750 

5.05 

800 . . . . 

9350 

18.1 S 

500 .... 

3600 

9.17 

900 ... . 

11,S50 

20.52 

800 . . 

5500 

12.63 

1000 . . .. . 

13,500 

22.78 

700 .... 

7400 

15.56 

1100 . . . . 

15,750 

24 93 


Na 7 0 (c) : 

Enthalpy : H., - =.- 15.70T + 2.70 X 10 *T 4 - 

Heat Capacity: C P = 15.70 + 8 40 x 10-*T 

Naj0 2 (c) : 

Kent Capacity: C, — 21.35 (2S8°K) 

Free Energy Equations: 

Reaction 

1) 2 Na (cl + V* 0 3 ig) Na 2 0 (c) 

A F% 820 - 7.5 IT IogT + 5.47 (10-T*) - 

2) 2 Na (1) + Ys (AT) « Na*C> ,c) 

A F? c =- _ 100,150 + 4.97T log T - 2.45 ( 10 »T 2 ) 

3) ? Na (?) + % Oj (g) = Nr.jO (e) 

A F t =~ 156 200 -20.72T iogT -f- 145.48T 

4) 2 Na (g) -f 1/8 0 2 (?) — Na 2 0 (1) 

A F$ — - 150 ,250 - 28.03T log T -1- 147.58T 
Hem, Capacity, cal./deg./mole at 298°K : 

See Table b 


4921 (0.7 percent ; 298-1 100°K) 


Decomposition Temperature: 

Decomposition Pi . ducts : 

Vapor assure (of alkali oxid and alkali 
oxide) atn. at 1COO°K r 


Range of Validity, °K 
298.16-371 

.10 (10 sr Pn -f 50.43T 
371-1187 

-.10 {10<T-») + 22.19T 
1187-1120 

l 1 90-2000 

(solid) 17.24 

above 400° C 

Na O on vaporization 


ircta! 


in eqidi. with 
(oalcd ) 1C 1 * 


»lid elkali 


Addnl. Refs. 

Addnl. Kefs, 
i, 2 

Addnl. Ref. 3 
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Sodium Oxide, Na 2 0 (page 3) 


X-Ray Crystallographic Data : 

System Space Group a Molecules /Unit Cell 

cubic 5.55 

Hygroscopicity : Na s O reacts vigorously with water with considerable evolution 
of heat. Keep containers tightly closed. 

Solubility Data : In water and alcohol : decomposes 

Reacts to neutralize acids. 

Health Hazard: Very caustic and dangerous to all tissues. To minimize its 
effects, wash the area with large volumes of water. Injured person should 
sees physician. 

Caution : Do not handle with bare hands. Avoid contact with skin. 

M.A.C., mg./m.* of air : 2 

Safety Classifications^; 

OSM : not specifically mentioned 

ICC : not specifically mentioned 

Alkaline caustic liquids (not otherwise specified) are classed as corrosive 
liquids and listed under ‘^Explosives and Other Dangerous Articles.” 

Coast Guard : hazardous material 

UN : class 8 (alkaline 

corrosives) 

Fire and Explosion Hazard : Sodium hydroxide formed by the action of water 
on Na 2 0 may become a fire hazard when mixed with nitro compounds and 
other materials. (This hazard must be even greater with powdered, solid 
Na*0.) 

Electrostatic Sensitivity: 

Use in Pyrotechnics : Product of the burning of many sodium compounds 

Additional References: 

1) "Sodium, Its Manufacture, Properties and Uses,” M. Sittig, Reinhold 
Publishing Co., New York (1956) 

2) “The Vapor Pressures of Lithium and Sodium Oxides,” L. Brewer and 
J. Margrave, J. Phys. Chem. 59, 421 (1956) 

3) "Stability of Gaseous Alkali and Alkaline Earth Oxides,” L. Brewer 
and D. F. Mastick, J. Am. Chem. Soc. 79, 2045 (1951) 





STEARIC ACID, CH, (CHj 10 COOH or C JI .COOH 

(Octadecanoic Acid, N-Octadecyclic Acid) 

Specification No, : MIL-A-271 

The spec, covers two grades : Grade I in loading ammo. Grade II used as a 
lubricant in the pelleting of explosives. 

Molecular Wt ; ght : 284.47 

Crystalline Form : monoclinic leaflets 

Color : colorless 

At room temperature stearic acid is a white, fairly hard, wax-like material. 
It is usually obtained either from fats and oils by hydrolysis and distillation or 
from oleic acid by hydrogenation. Pearl stearic acid is the material in free flow- 
ing powdered bead form for compounding purposes. Stearic acid is also mar- 
keted in cakes, powder or flake form, as single, double, or triple-pressed. Suc- 
cessive chillings and pressings remove more of the unsaturated liquid oils (par- 
ticularly oleic acid), thus raising the melting point and giving a whiter, purer 
product. Synthetic stearic acid is also made by hydrogenation of unsaturated, 
animal and fish oils. 


Density, g./ml. : 

Coefficient of Thermal Expansion, cubical, 
33.8-44.5°C : 

Heat of Formation, Kcal./mole at 13°C, 

at constant press. : 
at constant vol. : 


(solid) 847 at 69°C 

81 X HH 

-223.8 

- 212.8 


# 


342.5°K (69.4°C) 
342.7°K (69.6°C) 

47.6 

666°K (383°C) 


Free Energy of Formation: 

Entropy : 

Melting Point: 

Heat of Fusion, cal./g. : 

Boiling Point: 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy : 

Heat Capacity : 

Decomposition Temperature and Products : For DTA see Addnl. Ref. 3 
Vapor Pressure, mm. at 60°C: 1.42 X 10 * 


Press, mm. 1 10 40 100 400 760 M. P. 

Temp. °C 173.7 22B.0 263.3 291.0 343.0 370.0d 69.3 


X-Ray Crystallographic Data: 

System Svace Group 

monoclinic Cj h < • C-) h 

Hygroscopicity : 


a 

5.546 

5.68 


Molecules/ 

b c Axial Angle Unit Cell 

7.381 48.84 /3 = 63°38' 4 

7.39 50.07 f) ^ 60° 


Refs. 

1 


1 

1 

16,22 


31 

1 

1 

Addnl. Pcf. 2 

A 

1 


Addnl. Ref. 1 

1 

1 

Addnl. Ref. 2 
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Stearic Acid (page Z) 

Solubility Data: In water: 0.00029 g./lOO g. at20°C; 0.034 at 25°C and 

0.1 g./ml.at 37°C 

In alcohol : 2.5 g./100 ml. 

In ether % very soluble 

In CHC1*, CCU, CS 2 , toluene : soluble 

For additional solvent data see Addnl. Ref. 2 

Health Hazard : Negligible. Used to coat medicinal pills and in face creams. 
Safety Classifications: 

OSM : not listed 

ICC : not listed 

Fire and Explosion Hazard : Combustible. To fight fire use water, foam, dry 
chemical, or carbon tetrachloride. 

El rostatw Sensitivity: 

Specific Heat, cal/g. at 15°C : 0.399 

Liquid at 74- 137°C: 0.550 

Refractive Index, at 80.2°C: 1.4299 

Heat of Combustion, Kcal./mole (H 5 0 liquid) 
at 20°C : 

Flash Point, °F: 


2711.8 
(closed cup) 385 


Ignition Temperature, °F: 
Neutralization Value : 
lire in Pyrotechnics: 


(open cup) 425 

743 

197.23 

as a fuel, retardant, 
binder, and lubricant 


1,29 


29 

67, 75 

1 

1 

1 

75 

67, 71 

Addnl. Ref. 


Additional References. 

1) “The Vapor Fressure of Some Solid Organic Compounds," R. L. Little- 
wood, J. Chem. Soc. 1357,2419 

2) “Fatty Acids,” K. S. Markley, Ed., Interscience Pub. Co., New York 
(1960) 

3) J. Phys. Chem. 60 1487 (1956) 

4) L. Mddard, Mdm. artillerie fr&nq. t8 , 465 ( 1954) 
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STRONTIUM CHLORIDE, SrCI, 


I Refs. 


Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color : 

Density, g./ml.: 

(liquid) D, = 2.69 - 0.00045 (to900°C) 


158.54 
cubic 
colorless 
(solid) 3.052 


Temp. °C 900 950 1000 1050 

Density ~Z69 2457 2.645 2.62 

Coefficient of Thermal Expansion, cubic at 870°C : 166 X 10 -8 

Heat of Formation, Kcal./mole at 298°K : (c)-198.0 

Free Energy of Formation, Kcal./mole at 298°K : (c) -186.7 

-187.5 


Entropy, cal./deg./mole at 298°K : 28 

31.7 

Melting Point, °C: 873 

875 

Heat of Fusion, Kcal./mole at 1148°K (875°C) : 4.2 

4.1 

4.1 rfc 0.6 

Boiling Point, °C: 1300 

1250 

Heat of Vaporization, Kcal./mole: 55 

Transition Point : 

Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity, cal./deg./mole : (solid) 18.9 


C p = 18.20 + 2.45 X 10 Rest’d over 298 -1145°K) 

See also Ref. 24A 

Decomposition Temperature : Noticeable above approx. 955°C 

Heating in air or O a at red heat slowly changes the chloride to the oxide 

Decomposition Products : 

Vapor Pressure : 

X-Ray Crystallographic Data: 

System Space Group a Molecules/ Unit Cell 

cubic Oj; 6.9767 


Hyfc-roscopicity : 


hygroscopic 
very hygroscopic 


1A 

1A 

1A 

44S29 

44S29 
9, 24A 

9 

6 

9, 31A 
6 

1A, 24A 
41 

44S29 
9, 41, 6 
24A 

44S29 

52 

6 


9 

4 

44S29 

52V11, 54V3 


97V4 

44S29 

52V11 
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Strontium Chloride, SrClj (page 2) 


Solubility Data: In H 2 0. g./lOO ml. 43.5 it 0°C and 100.8 at 100°C 

In absolute alcohol, acetic acid : very slightly soluble 

„ insoluble 

Hfsiih Hazard : Probably slight. The Sr ion has a low order of toxicity. 
Safety Classifications: 


OSM. 

ICC: 

Fire and Explosion Hazard : 
Electrostatic Sensitivity: 


not listed 
not listed 


Use in Pyrotechnics: 


to color burning 
compositions crimson 





I 


STRONTIUM NITRATE, Sr(N0 3 ) 2 

Specification No. : MIL-S-20322 

The spec, covers one grade and three classes which differ in granulation. 
Molecular Weight : 2 11. 65 

Crystalline Form: cubic 

Color : colorless 

Density, g./ml.: (solid) 2.986 

Coefficient of Thermal Expansion, linear, 30-75°C : a = 3.22 x 10 = 

Heat of Formation, Kcal./mole at 298°K : -233.25 

Free Energy of Formation, Kcal./mole at 298.16°K : -185.8 
Entropy, cal./mole at 298.16°K: 47.4 

Melting Point: 918°K (645°C) 

891°K (618°C) 

Heat of Fusion: 

Boiling Point : 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity, cal./deg./mole : (solid) 38,3 

Decomposition Temperature, °C: 580 600 

For DTA and TGA see Ref. 33 
Vigorous bubbling at 672°C 
Decomposition Products: 


decomposes 580-600° C 


(290-320°K) 


SrO -f NOi ; toxic fumes 
emitted 


Vapor Pressure: 

X-Ray Crystallographic Data: 
System Space Group 


'bic 


Tg 


a 

7.81 


Molecules /Unit Cell 
4 


Hygroscopicity (gain, mg./g.. at R.T. after equilibrium has been established in 
a vacuum desiccator) : 


Critical R.H. : 


purified 82.7% at 20' 0 
spec grade 82.9% at 
26.2°C 

Solubility Data: In water (g./10P ml.) 40.1 at0° and 100at90°C 

In abs. alcohoi, NH S : very slightly soluble 

In acetone: slightly soluble 


Refs. 


1 

1 

1 

44S29 sup 
1,9 
86 
86 

9 

47 

Addnl. Ref. 1 



65 

75 

86 

93 

%, R.H. 

24 hr. equil. 

24 hr. equil. 

24 hr. equil. 

2 . hr. equil. 

p urified 

0.3 

— 0.5 

s 


Spec, grade 

0.3 <.l 

0.1 0.2 

8 

312.6 


Addnl. Ref. 1 

47 

47 


32 


P 
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Strontium Nitrate, Sr ( NO, ) , (page 2) 

Health Hazard: Moderately toxic. Large amounts taken by mouth may have 
fatal effects. Sr(NO»)» emits toxic fumes on decomposition. 

Safety Classifications: 

OSM : Class 1, in original containers. 

Class 2 when not packed or stored in original shipping containers 
or equivalent. 

ICC : Oxidiz’- ng material ; yellow label. 

Fire and Explosion Hazard : A fire and explosion hazard. As an oxidizer it can 
give up its oxygen to other materials to produce a vigorous reaction which 
may result in detonation. Toxic fumes are emitted on decomposition. 

Electrostatic Sensitivity : 

Use in Pyrotechnics: An oxidizer and to impart a crimson color to burning 
compositions. (Nonhygroscopic strontium nitrate is used in tracer and 
pyrotechnic compositions that are sensitive to deterioration by moisture.) 

Additional References: 

1) C.A.4S, 12932 (1965) 


* 


93, 12 

12, 14 

17 


28 ^ 


STRONTIUM OXALATE ANHYDROUS AND MONOHYDRATE, 

SrCA and SrC O. ILO 


Refs. 


Specification No. : MIL-S 12210 

The spec, covers both the anhydrous salt and the monohydrate : Grade A, 
anhydrous, and Grade B, hydrated. The two gradis differ also in granu- 
lation. 

Molecular Weight: (anhydrous) 183.65 

(monohydrate) 193.67 

Crystalline Form : 

Color: colorless 

Density, g./ml. : 

Heat of Formation, Kcal./mole at 18°C, anhydrous: 

at constant press. : -327.7 

at constant vol.: -326.5 

Free Energy of Formation, Real. /mole at 18°C, monohydrate : 

(c)-360.8 

Entropy : 

Malting Point : See Decomposition Temperature below 

Heat of Fusion: 

Boiling Point : 

Transition Point: 

Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity : 

Decomposition Temperature: TGA. The hydrate begins to lose H 2 0 at 43°C. 

All the water is off by 177°C. On further heating the weight ••emains con- 
stant up to around 400°C. 

decomposition Products: Dissociates into SrCO, and dangerous CO over the 
range 400-520°C. 

See graph below 

Vapor Pressure: 

X-Ray Crystallographic Data for SrC 2 0« • 2 y% H 2 0 

System Space Group a c Molecules /Unit Cell 

tetragonal Cj h 12.795 7.509 

Hygrpscopicity : 

Solubility Data: For SrC 2 0 4 • H 2 0, required for solution of 1 part: 2000 parts 
of water, 1900 parts of 3.5% acetic acid, 1115 pari of 23% acetic acid, 
less soluble in 35% acet .c rcid. Readily soluble hi dilute HC1 or HNO v 

Health Hazard: Highly toxic. Corrosive and produces local irritation. When 
taken orally may have a caust ; - effect on the mouth, esophagus and stomach. 

Safety Classifications : 

OSM : not listed 

ICC ■ not listed 


1 


Addnl. Ref. 1 


1 


Addnl. Ref. 2 


Addnl. Ref. 2 


18V2 


29 

1 


12 

93 
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Strontium Oxulate Anhydrrui and Monohydrate (page 2) 

Fire and Explosion Hazard: Dangerous when heated to decomposition. Emits 12 
poisonous carbon monoxide. 

Electrostatic Sensitivity: 

Use in Pyrotechnics : SrCh0 4 and SrCjCh-HsO are used as retardants and to 17 
impart a scarlet color to turning compositions. 

PYROLYSIS OF SrC 2 0*-H 2 0 


I’POStjl 


43® 91' 


\ [30mq 


Temperature °C 


Additional References : 



Addnl. Ref. 2 


1) L. M6dard, M£m artillerie fran?. 28 , 467 (1964) 

2) S. Peltier and C. Duval, Anal. Chesn. Acta. 1 , 358 (1947) 




STRONTIUM PERCHLORATE, Sr(C10 4 ) s 


-184 (estd.) 


Specification No.: 

Molecular Weight : 286.54 

Percent Oxygen: 44.67 

Crystalline Form : 

Color : colorless 

Density, g./ml. : 

Coefficient of Thermal Expansion : 

Heat of Formation, Kcal./mole at 298°K : -184 ( estd. ) 

Free Energy of Formation : 

Entropy : 

Melting Point: 

Heat of Fusion : 

Boiling Point : 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy: 

Heat Capacity : 

Decomposition Temperature: Vigorous decomposition at 477°C. 

For BTA and TGA see Ref. 33 

Decomposition Products : 

Vapor Pressure: 

X-Ray Crystallographic Data: 

Hygroscopicity : 

Solubility Data : In water, 310 g./lOO ml. at 25°C ; very soluble in hot water 
Solubility in Organic Solvents at 25° C : 

Solvent g./lOO g. solvent 

Methyl alcohol 212.01 

Ethyl alcohol 180.66 

Acetone 150.06 

Ethyl acetate 136.93 

Ethyi ether insoluble 

Health Harare! : Avoid contact. Irritating to skin and mucous membrane. 

Safety Classifications: 

OSM : Class 1. Class 2 when not packed or stored in original shipping con- 
tainers or equivalent. 

ICC: Oxidizing material; yellow label. Listed under “Explosives and 
Other Dangerous Articles.” 

h ire and Explosion Hazard : Can be exploded by shock, heat, or chemical action. 
It is an explosive hazard when mixed with carbonaceous materials, finely 
divided metals, or sulfur. It emits highly toxic fumes. Fires involving the 
perchlorate alone may be fought with water. 

Use in pyrotechnics. As an oxidizer and to impart a scarlet color to burning 
compositions. 


72, 77 


12,14 



Refs. 


STRONTIUM PEROXIDE, SrO, 


Percent Oxygen : 26.75 

Specification No. : JAN-C-612 

Covers two grades that differ in purity and granulation. 
Molecular Weight : 110.63 

Crystalline Form: powder 

Color : white 

Density, g./ml.: (soiid) 4.56 

Coefficient of Thermal Expansion : 

Heat of Formation, Kcal./mole at 298°K: -153.6 

See table below 

Free Energy of Formation, Kcal./mole at 298°K : -141 

See table below 


1 

1 

1.9 

2 


HEAT AND FREE ENERGY OF FORMATION OF Sr0 2 (c) 


T,°K 

A H (cal./mole) 

A F° (cal./mole) 

298.16 .... 

-153,500 (± 5C00) 

-141,000 (±6000) 

400 

-153,000 

-1S7.000 

600 

-153,000 

-133,000 

600 

-152,500 

-129,000 

700 ..... 

-152,000 

-125,000 

800 

-151,590 

-121,500 

900 

-151,000 

-117,500 

1000 ..... 

-150,500 

-114,000 


Free Energy Equation: 

Reaction Range of Validity, °K 

Sr (c) 4- 0 2 (g) — SrOj <c) 298.16-1000 

A F$ = -156,510 -11.40T log T -1 .305 (10*T») -f .675 (10*T >) + 75.44T 

Entropy, cal/deg./mole at 298°K: 14.8 

For calculation see thermodynr. nic equation in Ref. 2 

Melting Point: decomposes at 488°K 

(215°C) 

Heat of Fusion : 

Boiling Point: 

Transition Point : 

Heat of Sublimation : 

Heat Content or Enthalpy: 

For calculation see thermodynamic equation in Ref. 2 
Heat Capacity: 

For calculation see thermodynamic equation in Ref. 2 


6.8 


288 


/ 

5 




Strontium Peroxide, SrO a (pn%a 2) 

Decomposition Temperature : 

Decomposition Products: 

Vapor Pressure. Dissociation Pressure between 322 and 600° is given by 
^ 20280 
* *tm * 


dissociates at 
j57°C 
480°C 

alO-’C and TGA 


'TFtTT “ °- 010T + 1 * 78T + 28 

Press, mm. 860 629 


561 


673 


Temp. °C 


826 


842 


344 


351 


Q (cal./g.) 19280 19310 19290 19290 

Where Q« = heat of reaction for the equation 
2 SrO -f O* — 2 SrO s -I- Qcal 
Dissociation Pressure (to SrO -4- 0) is given as 

logp mra = - f 1.75 log T-0.0016T 4-2.8 

X-Ray Crystallographic Data: 

System Space Group a c Moleculea/Unit Cell 

tetragonal 5.02 6.55 < 

5.04 6.62 4 

Hygroscopicity : Slowly decomposed by water with the liberation of O 
Caution: Keep in tightly closed container. 

Critical R.H.: 96.7% at 25 L C 

Gain (mg./g.) at R.T. after equilibrium has been established in a vacuum 

desiccator of a purified sample. 


Aadni. Ref. ? 
Addnl. itofi. 8 
Adda!. Kef. 4 

Addnl. Ref. 

1 


Addnl. Ref. 2 


Addnl. Ref. 2 


97V6 

29 

32 


31% R.H. 

43% R.H. 

52% R.H. 

65% r.: 

H. 

£• hr. equil. 

24 hr. equil. 

24 hr. equil. 

24 hr. equil. 

3.4 4.5 

0.6 2.2 

2.3 21.4 

84.3 178.S 

56.3 1S0.O 


76% R.H. 

86% R.H. 

98% R.H. 


24 hr. equil. 

24 hr. equil. 

24 hr. equil. 


210.5 474.7 

161.0 356.0 

418.4 S 

2510 882,0 

s s 

354.0 334.0 


Solubility Data: In water (g./lOO ml.) at 20° ; 0.008, in hot H,0, decomposes. 
Very slightly soluble in alcohol and NH«CI. Insoluble in acetone 

Health Hazard : May cause injury on contact with 3kir or mucous membranes. 
Safety Classifications; 

OSM : Class 1. Class 2 when not stored or packed in original shipping con- 
tainers or equivalent. 

ICC: Listed under “Explosives and Other Dangerous Articles.” Classed 
as oxidizing material ; yellow label. 
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Strontium ?«kw1iS 9, Sr0 3 (page 3) 


Fire and Explosion Hazard : Heat, shock, or catalysts may cause violent decom- 
position. Reacts violently when heAted with reducing materials. Contact 
with water produces heat. 

Electrostatic Sensitivity: 

Use in Pyrotechnics : As an oxidizer to impart a red color to burning composi- 
tions. 

Additional References: 

1) "Direct Oxidation under High Pressures. The Oxides of Strontium, 
Barium, Lead, Manganese and Cobalt,” C. B. Holtermann, Ann. Chirr?. 
U, 121 (1940). C.A. S5, 7859 (1941) 

2) "On the Formation and Dissociation of Strontium Peroxide,” C. Holter- 
mann and P. Lafitte, Compt. rend. 208 , 517 (1939) . C.A. S3 , 2833 (1939) 

3) “Heating Curves for the Hydrates of the Peroxides of Group II Metals,” 
1. 1. Vol'nov, C.A. 52, 19384 (1958) 

4) "Thermography of Peroxide Compounds,” I. I. Voi’nov, C.A. 7416 
(1964) 


12, 14 


17 
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SUGAR 

(Cane Sugar, Sucrose, Saccharose, 

( a-D—glncosido ) — {J-fe«rfructof uranoside 
a— I>— glucopyranosido— p— D— fructofuranoside) 


29 >. f 


Formula : 


Specification No.: 


H’Cffl 

i 

HC-OH 

HO-C-H 

I 

HC-OH 

I 

HC 

I 

CH*OH 


CH,OH 

— i 

< 

HO-CH i 

1 9 

HC-OH r „ n 

j 

HC ! 

I 

CHjOH JJJ-S-00791C 


Molecular Weight : 

Crystalline Form: 

For crystallography see Addnl . Ref. 3 
Sucrose crystals are triboluminescent. 
Color : 

Density, g./ml. at 15°C: 

Coefficient of Thermal Expansion, linear for 

longest axis : 
width : 
shortest: 

cubical (calculated) : 

Heat of Formation, Kcal./mole at 18°C : 

Free Energy of Formation: 

Entropy, cal./deg./mole at 298° K : 

Melting Point (when crystallized from alcohol) : 


342.30 

needles (from alcohol), 
monoclinic 


white 

crystallized, 1.5879 
powdered, 1.5897 


28 X 10 -* 

50X10-* 

29 X lfr* 

1.1 X 10- 4 

H„ = -686.5 
H t = -527 


461°K ( 188° C, decomp.) 
458 (185-6 -C) 


When auc’-oae is heated cautiously to the melting point (185-186°C) it 
forms a viscous, colorless melt ; however, when heated longer or to a higher 
temperature decomposition takes place. 

Heat of Fusion, Kcal./mole: (decomposes) 4.6 


Addnl. Ref. 5 


The specification covers two types of beet or cane sugar. Type 1 : white, 
hard, refined (a) granulated or (b) powdered; and Type 2: brown, soft 
(a) light (b) medium and (c) dark. Type 1 granulated is used for pyro- 
technics. 


Addnl. Ref. 
8V1 

Addnl. Ref. 
3V1 


Addnl. Ref. 1 


Addnl. Ref. 
3V1 

1 

Addnl. Ref. 
3V1 


Addnl. Ref. 
bin 


Sogw (p age 2) 

Boiling Point : decomposes 

Transition Point : 

Heat of Sublimation : 

Host Content or Enthalpy: 

Heat Capacity: 


Molar Heat and Specific Heat of Crystallized Sucrose : 


Temp. °C 

0 

20 

40 

60 

80 

90 

C, (cal ./mole) 

92.1 

99.8 

108 

116 

126 

129 

C, (cal , 'j.) 

0.260 

0290 

0.816 

0.839 

0.886 

0.877 


Decomposition Temperature, °C : 160-186 

Decomposition Products : Loses water, caramelizes, and then chars when heated 
above its melting point. 

For DTA see AddnI. Ref. 4 

Vapor Pressure: 

X-Ray Crystallographic Data : 

Moleculet/ 

3y*tem Space Group a be Axial Angle Unit Cell 
monoclinic C| 10.89 8.69 7.77 108° 2 

Eygroecopicity : Powdered sugar absorbs up to 1% moisture in air, which is 
given up on heating at 90°C. 


AddnI. Ref. 
8V1 


29 

29,60 


18 

86 

29 


Solubility of Sucrose in Water: 
Temp.°C 0 20 


40 


30 


80 


90 


100 


gyiOOg.HiO 179.2 208.9 


,1 287.8 862.2 415.7 487.2 


Solubility: In alcohol and methanol ca. lg./lOO mi. Moderate sol glycerol and 
pyridine. Sol ether common organic solvents. Insoluble in gasoline, CHCL, 
CCU, turpentine. Noticeably soluble in aniline, ethyl acetate, and amyl 
acetate. 

Health Hazard: 

aontoxic 

Safety Classification : 

not listed 

Firs and Evplorfon Hazard, 

Aatoignition Temperature, °C : 

386 

Electrostatic Sensitivity: 

— 

Specific Heat, caiyi6°g./°C at 20°C : 

0.299 

Optical Rotation :»-2£-<26 g. in 100 ml. H*Q, 2 dm tube) + 66.47 to $6.49 depend- 

ing on the solvent from which it is crystallized. 


Heet of Combustion, Kcal/mole : 

Real./g. : 

1861.8 

8.949 

Use in Pyrotechnics: 

as a fuel 


1 

29 

AddnI. Ref. 8 


71 

1 

29 

AddnI. Ref. 8 
50 


29£ 


Sugar (page 3) 


Additional References: 

1) L. M&lard, Mem artillerie fran; 28 , 481 (1954) 

2) “On Saccharose B,” A. Pictet and H. Vogel, Helv. China. Acta 11 , 901 
(1928) 

3) "Principles of Sugar Technology," P. Honig, Ed., Vol. 1, Elsevier Pub- 
lishing Co., New York (1953) 

4) “Differential Thermal Analysis of Organic Compounds,” A. T. Pei kirn, 
and H. L. Mitchell, Transactions of The Kansas Academy of Science 
60 , No. 4 pp. 437-40 (1957) 

6) “X-Ray Examination of Sucrose,” C. A. Beeves and W. Cochran, 
Nature 157 , 872 (1946) 
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SULFUR (SULPHUR), S 8 

(Flowers of Sulfur, Milk of Sulfur, Brimstone) 


Refs. 


Specification No.: JAN-S-487 

The specification covers five grades of ground S : 

A, ground crude S used for black powder. 

B, ground crude S used for pyrotechnics compositions. 

C, ground crude S used for pyrotechnics compositions. 

D, ground refined S used for nongaseous powders and primer compo- 
sitions. 


E, ground crude S used for pyrotechnic compositions. The grades dif- 
fer slightly in purity and in granulation. 

Molecular Weight : 256.53 

Crystalline Form: («) rhombic, (p) monoclinic, (y) amorphous 

Color : yellow 

Forms of Sulfur: Solid sulfur (S) exists in two crystalline forms, rhombic and 
moiioclinic, and also as an elastomer. The rhombic form is stable at ordi- 
nary temperatures. Above the transition temperature of 95.4°C and up to 
the boiling point monoclinic S is the stable variety. Elastic S is prepared 
by rapidly chilling liquid S which has been heated to elevated temperatures. 
The infrared spectrum is identical with that of liquid S. On melting, S 
becomes a straw-yellow transparent liquid, designated as k S. The liquid 
may be supercooled in bulk far below its freezing point to room temperature 
in the form of droplets which in time may solidify to a clear yellow glass. 
At about 160°C, the liquid is dark brown. Its color deepens as the tempera- 
ture is raised, and above 250°C, it turns brownish-black. Apparently the 
structure of the liquid undergoes an abrupt change at about 160°, and this 
transformation is accompanied by the absorption of 2.751 cal./g. The sud- 
den and enormous increase in viscosity which occurs at this temperature 
is one indication of a structural alteration. Other properties show a marked 
discontinuity. Long chain polymers referred to as p S, in equilibrium with 
rings of octatomic molecules, apparently exist in the liquid above 160°. 
Beyond 230° the viscosity decreases but the color remains dark up to the 
boiling point, 444.8°C. If S at the boiling point is cooled slowly, it passes 
through the changes described above in the reverse order. 

“Flowers” of sulfur is a term applied to the mined molten S which is finely 
ground. It is the type used for pyrotechnic purposes. 

Density, g./ml.: (solid) rhombic 2.07 

monoclinic 1.96 

amorphous 1.92 

Coefficient of Thermal Expansion : 


Temp. °C 

Linear ( rhombic ) 

Cubic ( rhombic ) 

0-13 

4.567 X 10 * 

13.70 X 10-* 

18-50 

7.433 X 10* 

22.80 X 10 * 

50-78 

8.683 X 1<L» 

25.90 X 10 * 

78-97 

20.67 X lfr* 

62.01 X 10* 

97-110 

108.2 X 10-* 

309.8 X lfr» 


1, 46 
46 


20V3 

1, 46 

46 
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Sulfur (Sulphur) S* (page 2) 


Heat of Formation, Kcal./mole at 298°K : 

Free Energy of Formation, Kcal./moie at 29S e K : 
Entropy, cal./deg./mole at 298°K: 


(gas) 53.25 
(gas) 43.57 

(rhombic) 7.62 
(monodinic) 7.78 


See Tables a, b, c, d 

Melting Point, °C : (a) 112.8 (p) 119.25 (y) about 120 

Heat of Fusion, cal./g.: (rhombic) 11.9 

(monoclinic) 9.2 


Boiling Foint, °C : 444.6 

Heat of Vaporization, cal./mole at 717.75°K : 2300 

Transition Foint, °C: 

(rhombic —+• monodinic) 95.4 

(liquid viscous) 159.9 


Heat of Transition, cal./g. : 

(rhombic to monodinic) 

(liquid to viscous) 

Heat of Sublimation, cal./mole at 298°K : 

Heat Content or Enthalpy, cal./mole at 298°K : 
See Tables a, b, c, and d 


2.992 

2.751 

S, 24,350 
S* 330 ,840 

(solid) 1053 


1.9 
9 

5.9 
5,9 

1 

9 

1,46 

5 

46 

46 

48 

5 

5 


a. HEAT CONTENT AND ENTROPY OF S (c, 1) 
(Base, rh-crystals at 298.15°K) 


T, °K 

Hr — HjtMm 

cal./mole 

St — SaM.it 

cal. /deg. 
mole 

350 

290 

0.90 

368.6 (rh). . . . 

400 

120 

368.6 (mon) . . . 

485 

1.43 

392 (mon) .... 

630 

1.82 

392 (1) 

965 

2.67 

400 

1080 

2.83 

500 . 

1940 

4.86 

600 

2780 

6.38 

700 

3650 

772 

717.8 

3810 

7.95 


4 


S (rh) : 

Enthalpy : H T - = 3.58T -f 3.12 X 10 - 1345 (0.2 percent ; 298-368.6°K) 

Heat Capacity : C„ — 3.58 -f 6.24 X 10 T; A Hw,. t =--= 85 

S (mon) : 

Enthalpy: H T — H „ = 6.20T- 1800 (O.i percent; 368.6-S92°K) 

Heat Capacity : C p — 6.20 ; a H m (fusion) = 335 

S(l); 

Enthalpy: H T - H«..„ = 8.73T -2457 (0.6 percent; 392-7 17.8°K) 

Heat Capacity : C, — 8.73 


295 


Sulfut (Sulphur) S b (pag« 3) 


i 

i 

i 




f 

! 

i 


i 


b. HEAT CONTENT AND ENTROPY OF S (g) 
(Base, ideal gas at 298.15°K) 


4 


T, °K 

H t - HjM.it 
cal ./mole 

Sr — Saeg.is 
cal./deg. 
mole 

T, °K 

Ht - Hjm.ia 
cal./mole 

St — Szm.is 
cal./deg. 
mole 

400 

570 

1.65 

1900 . . . 

8320 

9.79 

500 

1120 

2.38 

2000 . . . 

8830 

10.06 

600 

1660 

3.36 

2200 . . . 

9850 

10.54 

700 ..... 

2190 

4.68 

2400 . . . 

10,875 

10.99 

800 

2715 

5.38 

2600 . . . 

11,910 

11.40 

900 .... 

3285 

5.99 

2800 . . . 

12,950 

11.79 

1000 

3760 

6.58 

3000 . . . 

13,995 

12.15 

1100 

4260 

7.02 

3500 . . . 

16,650 

12.96 

1200 

4770 

7.46 

4000 . . . 

19,340 

13.68 

1800 

5280 

7.87 

4500 . . . 

22,065 

14.32 

1400 

5790 

8.25 

5000 . . . 

24,810 

14.90 

1500 ..... 

6295 

8.60 

CuOO . . . 

30,330 

15.91 

1600 

6800 

8.92 

7000 . . . 

35,860 

16.76 

1700 

7805 

9.23 

8000 . . . 

41,390 

17.50 

1800 

7815 

9.52 





S (g) : 

Enthalpy: H T -H», „ = 6.26T-0.05 X 10-*T*-0.36 X 10*T l - 1443 
(0.6 percent ; 298-2400° K) 


Heat Capacity : C,^ B.26 - 0.10 X 10-«T + 0.S6 X 10 B T-» 


i 


j 


Enthalpy : H T - H MiU = 4.96T + 0.05 X iO*T* - 0.60 X 10*T 1 - 1282 
(0.2 percent; 2400-8000° K) 

Heat Capacity : C, = 4.96 + 0.10 X 10 *T + 0.60 X :0 8 T 2 


c. HEAT CONTENT AND ENTROPY OF S,(g) 
(Base, ideal gas at 298.15°K) 


4 


T, °K 

Hr - Hjm.is 
cal./mole 

St - Sim. ib 

cal./deg. 

mole 

T, °K 

H t - Hj»«. is 
cal./mole 

St ~ Sin.! 

cal./deg 

mole 

400 ... . 

810 

2.34 

1500 .... 

10,430 

18.79 

500 ... . 

1640 

4.18 

1600 .... 

11,326 

14.97 

600 ... . 

2486 

5.72 

1700 .... 

12,225 

14.91 

700 .... 

3845 

7.06 

1800 .... 

13,125 

15.43 

800 ... . 

4220 

8.22 

1900 .... 

14,025 

15.92 

900 ... . 

6095 

925 

2000 .... 

14,925 

16.38 

1000 .... 

5975 

10.17 

2200 .... 

16,730 

17.° 1 

1100 .... 

6855 

11.01 

2400 .... 

18,546 

18.08 

1200 .... 

7745 

11.79 

2600 .... 

20,360 

18.76 

1800 .... 

8635 

12.50 

2800 .... 

22,175 

19.43 

1400 .... 

9535 

15.17 

3000 .... 

23,995 

20.06 



i 


t 


i 


I 



i 
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Sulfur (Sulphur) S» (page 4) 


S,(g): 

Enthalpy : H T ~ H m . lt = 8.72T + 0.0b X 1(MT» 4 0.00 X 10*T J - 2909 
(0.8 percent ; 298-3000 !J K) 

Heat Capacity: C p = 8.72 + 0.16 X 10 ‘T- 0.90 x lO^T * 

d> HEAT CONTENT AND ENTROPY OF C,(g) 


T,«K. 

r 

Ht - Hsog.ir, 

cal. /mole 

Sr— Sjsj.ic, 
cal. /dog. 
mole 

T, °K 

Ht - Hjsd.u 
cal. /mole 

St — SrMd.ie 

cal./deg. 

mole 

400 .. . 


8935 

11.82 

800 .... 

20,580 

40.06 

500 .. . 

e • 

7985 

20.37 

9C0 .... 

24,850 

45.09 

600 ... 


12,125 

27.90 

1000 .... 

29,140 

49.6? 

700 ... 

. . 

16,880 

i>4.39 





S*(g) : 

Enthalpy : H T -H„ B . lf = 42.64T 4- 0.52 X 10 *T» 4 5.04 X 10T-* - 14,420 
(0.1 percent ; 298-1000°K) 

Heat Capacity: C,= 42.64 4- 1.04 X 10~»T - 5.04 X 10 ! T * 

Decomposition Temperature : For DTA see Addnl. Ref. 5 

Decomposition Products: 

Vapor Preaawe : 


Press, mm. 1 

10 40 

100 400 760 M.P. 

Temp. °C 188.8 

24S.8 288.3 

327.2 899.6 444.6 112.8 


Form 

Range 

Equation ( P in mm., T tn °K) 

rhombic 

20-80 

log P = 11.664--— 

monoclinic 

96-116 

i n ■, t o »4 5082 
logP = 11.2<»4 — y~ 

liquid 

25-74 

logP-8.7u- 40 ^ 


120-325 

log P = 14.7000 - .0062233T - ~ y- 1 - 


StS 550 

log P -7.43287 32 ® 8 2 _ 


X-Ray Crystallographic Data: 


System 

rhombic 


monoclinic 


Space Group a b 'c 
Vg* 10.87 12.845 24.369 


Ck 


10.90 10.96 11.02 


Hygroscopic Ity : 

Spec, grade, % gain at 70° F in *08 h. . : 


A tows/ 

Unit Celt 
128 

(10 eight-membered 
rings) 

48 

(8 eight-membered 
rings) 


none at 40, 50, and 
70% R.H. 

0.01 at 90% R-l. 


46 


46 


| SS 
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Sulfur (Suiphur) S s (page 5) 


Solubility Data: 

In water : ' insoluble 

In alcohol and ether . si ightly so! able 

In carbon disulplr.de, 70 g./lOO g. : soluble 

In light petroleum, hot benzene, toluene end 
benzyl chloride : soluble 

Health Hazard : Bi lieved to b? n^ntoxic. Tank ear shipments of molten sulfur 
may accumulate poisonous H s S gas, which is also flammable and explosive. 
In unloading operations suitable precautions should be taken. 


Safety Classifications: 

OSM: 

Probably dars 2 aa a pyrotechnic material. 
ICC: 

U.N. 


not specified 

not mentioned 
an inflammable rolid 


Coast Guard: hazardous 

Fire and Ex t ' Mion Hazard : When ignited, molten S will burn in ah producing 
acrid fumes of S0 2 , which are irritating, suffocating and lachrymatory 
and inhalation should be avoided. Burning S can react vigorously with 
oxidizing materials. Sulfur wLen compounded with chlorates and some 
other oxidizing agents, forma sensitive explosive mixtures. When mixed 
with carbon, lampblack, fats and oils, S forms mixtures which can ignite 
spontaneously. It should be stored away from oxidizing agents. To fight 
fire use water. 


Electrostatic Sensitivity : When rubbed with most substances it becomes nega- 
tively charged. 

Minimum energy required for ignition by an electric spark, millijoules : 

15 

Ignition Temperature, in aM at atmospheric pressure, °C : 

248-261 

closed cup : 405° F 

open cup: 440°F 

Minimum Explosive Concentration of dust, mg./l. : S5 

30 


Heat of Combustion, Kcal./g. : (monoclinic) 2.240 

• (rhombic) 2.200 

Additional References: 

“Tne Sulphur Data Book," W. N. Tuller, Eg., McGraw-Hill Bock Co., 
New York (1964) 

2) "The National Fire Codes, Vol. II, Combustible Solids, Dusts, Chemi- 
cals and Explosives,” National Fire Protection Association, Inc., Bos- 
ton, Mass. (1968) 

3) “The National Fire Codes, Vol. II, The Prevention of Dust Explosions." 
National Fire Protection Association, Inc., Boston, Mass. (1952) 

4) “Sulfur May Have Helical Structure,” C & EN, p. 44 (Sept. 6, 1960) 
a) Trans. Faraday Soc. 55, No. 444, 2221 ( 1969) 


20 


46 

93, 46 


12, 14, 46, 75 


26 

46 

75 

26 

22 

1 
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TETRANITROCARBAZOLE, (C B H 2 ) 2 (N0 2 )<NH 

(Tetramtrobenzopyrrole, Tetranitroidiphenylainine, TNC) 

Specification No. : PAPD-639 ( 1954) pending revision of MIL-T-13723 
Molecular Weight: 347.20 

Crystalline Forms : «, needles ; p, plates ; y (1, 3,6,8) prisms 
Color : light yellow 

TNC is produced by treating carbazole with sulphuric acid and then nitrat- 
ing the suiphonic acids to yield a mixture of principally 1, 3.6,8 and about 
10% of 1,2,6, 8 TNC. The structure of the 1,3, 6, 8 isomer is 


OjN NH NO, 

Q»N OX) NO, 


density, g./ml.: 

Coefficient of Thermal Expansion: 
Heat of Formation: 

Free Energy of Formation: 
Entropy : 

Melting Point, 


Specification : 285°C min. to 300°C max. 
Boiling Point : 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature : Decomposes 
on heating: 

For DTA see Ref. 33 

Decomposition Products: 

Vapor Pressure: 

X-Ray Crystallographic Data: 
Hygroscopictty, at 80°C, 90% R.H.: 
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a: about 581°K (303°C) 
with decomposition 
p : 593°K (320°C) 
y : (1,3, 6,8) 558° K 
(285°C) with 
decomposition 


Refs . 


13 

13 

88V20 

Addnl. Ref. 1 


88V20 


turns red-brown above 
200°C 


0.01 


Addnl. Ref. 5 


13 


1 



T«tnailmu4iii>ltt) (C*H|) s (NO B )«NH (page 2) 


Solubility Data * la water (g./lOO g.) 85°C : 0.1 

In nitrobenzene : very soluble 

In hot acetone tnd hot pyridine : soluble 

In nitrobenzene, chloroform, CCU, ether, ligroin : insoluble 


a — in glacial acetic acid : 
inXOH: 

in cone. H*S0 4 : 

p — in glacial acetic acid (hot) : 
■/ — in glacial acetic acid : 
in pyridine: 
in ethyl alcohol: 

Health Hazard: 

Safety Clarifications : 

OSM: 

ICC: 


practically insoluble 
soluble with formation of 
a yellow color 
soluble with formation of 
a green color 
soluble 
8.06% 

8,66% 

trace 

toxic ; and is used aa 
an insecticide 

class 9 
not listed 


->85 

-30 

20.0 

16.0 (spec. min. 16.5) 
266 


Fire and Explosion Hazard : Dangerous exploded by shock,. When heated to 
decomposition it emits highly toxic fumes. 

Can react vigorously with oxidizing materials. 

Electrostatic Sensitivity: 

Data on y (1,3, 6, 8) TNC 
Oxygen Balance to CO», % : 

Oxygen Balance to CO, % : 

Nitrogen (talc'd for C.P.) % : 

Nitro nitrogen (calc’dfor C.P.) % : 

M.P., °C : 

Impact Sensitivity : 2 kg. wt., sample weight 14 mg. : 

B.M. apparatus, cm. : 100+ 

P.A., in. : 18 

Friction Pendulum Test: unaffected by fibre or 

steel shoe 

Explosion Temperature (6 sec.) , °C : decomposes at 470 

10O°C Heat Test: 

% loae first 48 hrz. : 0.16 

% loss second 48 hrs. : 0.06 

Explosion in 100 hrs. : none 

Vacuum Stability Test, cc. gas/40 hrs. from a 6 g. sample : 

100°G: 0.2 

120°C: 0.2 

Sand Test (200 g. bomb) 

Sand crushed through 80 roeah screen: (gas) 41.3 


18, Addnl. 
Ref. S 


38V20, Addnl. 
Ref. 2 


12 


18 


18 


Tetranhrocat'bazoie, ( CoH? ) i ( NOj ) «NH (page 3) 


Sensitivity to Initiation : 
liead Azide 0.20 g. plus telryl 0.25 g. 
Method of Loading: 

Method of Storage: 

H«at of Combustion, cal./g. at L8 J C : 
Use in Pyrotechnics: 


pressed 

dry 

3772.4 

as a fuel, particularly in 
some igniter powders 


Addnl. Ref. 3 


Additional References: 

t) “Identification of Isomers Formed in the Nitration of Carbazole,” D. 
B. Murphy et al., J. Am. Chem. Soc. 75 , 4239 ( 1953) 

2) C.A.4S, 2084 (1954) 

3) Picattiny Arsenal Technical Reports Ift?7,, 1802, 1337, 1973, 1984. and 
2180 

4) P. Tavernier and Maurice Larnoroux, Mem. Poudreg 39, 341 (1967) 

5) "IJber die Einwiikung von Athylr itrat auf Diphenyl und Diphenyl. 
Abkdmnilinge,” H. Raudnitz, Ber. 60, 741 (1927 ) 
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“THIOKOL” (LIQUID POLYMER LP-2) j *«*»• 

(Thiokol is a trademarked name) j 

Thiokol LP-2 Mix is a polymer manufactured by the Thiokol Corporation All data from 
in the liquid state. It is a completely polymerizable material which can be con- j Thiokol 
verted by suitable curatives to a tough resilient rubber without appreciable Corporation, 
shrinkage. In the rubber state it remains flexible to -65°F and does not melt at Trenton, N.J., 
elevated temperatures. Its maximum service temperature is around 250' F, but < Kef. 59 
it will stand higher intermitten temperatures. It is sold as a viscous liquid with j 
a viscosity of about 400 poises at 26 c C. It is cold setting. j 


Formula or Structure : The average structure is as follows : 

HS-ICjjtL-CHr-O-CgH^-S-S) *s-CaH 4 -0-C!H r -O-C3H < ~SH. Occasionally in 
the chain of recurring units there is a side mercaptan group. The terminal 
SH groups are very reactive. 

Specifications : none 


Physical Properties: 
Color: 

Specific Gravity: 
Molecular Weight : 
Stability : 

Moisture Control 
pH (of water extract) 


amber 

1.27 

approximately 4000 

indefinite 

less than 0.2% 

6.0 to 8.0 


Chemical Reactivity : LP-2 is slightly acid when pure and is stable. In alkaline 
medium it polymerizes rapidly. 

n[HS-(RSS)„R-SH] -^^4(RSS-)x+nH 2 0. 

The reaction is exothermic. R in the above equation denotes the group 
(CglL-O-CHr-O-Cja,). 


Curing: Organic peroxides ; e.g., benzoyl peroxide, tertiary butylhydroperoxide, 
tertiary butylber.zoate, and cumene hydroperoxide will promote cure. Con- 
ventional paint driers will serve to introduce O from the air and can be 
used to polymerize LP-2. Cobalt driers are outstanding for this purpose. 

Compatibility Data: 

In the data given below solutions were prepared by stirring small incre- 
ments of solvent into weighed quantities of tne liquid polymer and continu- 
ing until precipitation or cloudiness occurred. The figures given indicate the 
ultimate tolerance of LP-2 for the solvent. Thus 70% for methylethyl 
ketone indicates 70% of the ketone and 80% LP-2 by weight. At 100%, 
dilution is infinite. 


Solvent 

% 

Solvent 

% 

glacial acetic acid 

20 

cyclohexanone 

100 

methanol 

0 

aniline 

10 

ethanol 

0 

benzene 

100 

diethyl ether 

20 

toluene 

100 

dioxane 

100 

carbon tetrachloride 

70 

petroleu:,, “the*- 

10 

ethyl acetate 

100 

acetone 

f>0 

dibutylphthalate 

100 

methy let hy lactone 

70 

nitromethane 

60 


Theiw figure* do not bold for polymerized LP-2 which has low solubility. 


Use sr. Pyrotechnics : Aa a fuel when polymerized 


♦ 
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TITANIUM, Ti 


Reft. 


Specification No,: 
Molecular Weight: 


MIL-T-1S405A (CmlC) 
47,90 


Crystalline Form (at temperatures up to 
about 800°C) : 
above transition : 

Color : 


a s hexagonal 
fi, cubic 

silver grey to dark grey 


Density, g./ml.: 


(sotid) 4,50 


CoatS ciesit of Thermal Expansion, linear (a), at R.T. : 8 X 10 * 


Temp. Range °C 
-195 to + 20 
20-200 
20-400 
20-800 


Coefficient 

8.8 X 10* 

8.9 X 10* 

9.9 X 10 * 
10.1 X 10* 


Heat of Formation, Kc&l./inoie at ?98°K : 

Free Ene* gy of For matron . F jai./mole at 298°K : 
Fntropy, cal. /deg./mole at 208°K : 

See Tables a and b 
Melting Point: 

Heat Fusion, cal./mole: 


(gas) 112.6 
(gas) 101.944 

fc) 7.83 
(gas) 43.07 

1 i40°K (1€67°C) 
8700 


1 

1 

38 

27 

5 

5 


2,5 
i r 5 

4 

5 


Boiling Point: 


365 0°i: (2277°C? 


5 


Heat of Vaporizati i, cal./mole: 


102.600 


5 


Transition Point, hexagonal («*) to cubic (,$) : 115c 0 E (88‘i 'C) 


4, 5,9 


Heat of Transition, cal./mole : 950 

Heat of Sublimation, cal./mole at 298°K : 1 12.8 '> > 


4 


5 


Heat Content or Enthalpy, cal./mole at 298°K : 
See Tables a and b 


(solid) 1150 
(gar) 1802 


a. HEAT CONTENT AND ENTBOFT OF Ti (c, 1) 
(Base, o-crystals at 2 h8.15°K) 


5 

4 


T,°K 

H T — H 298 . ifi 

cal./mole 

St ■— * • 

cai. /dag. 

mole 

T 

Hr — H„es.s« 
cal./mole 

St- Sjks.is 
cal./deg. 
mole 

400 .... 

626 

1.80 

1500 . . . 

9600 

12.05 

500 . 

1250 

3.20 

1600 . . . 

10,850 

12.58 

600 .... 

. 1920 

4.42 

1700 . . . 

11,100 

12.99 

700 ... 

2610 

5.48 

1800 . . . 

11,850 

18.42 

809 . . . . 

3330 

6.44 

1900 . . . 

12,600 

18,82 

9G9 . . . . 

4070 

7 Ml 

1940 (8) . 

12,900 

13.98 

1000 . . . 

4840 

8.12 

1940 (1) . 

17,330 

1.0.28 

1100 . . . . 

5630 

8.87 

2000 . . . 

17,840 

16.52 

1155 (a) . . 

6070 

9.26 

2200 . . . 

19,440 

17.29 

1155 (/t) . . 

7020 

10.09 

2400 . . . 

21,040 

17.98 

1290 

7350 

10.33 

2600 . . . 

22,640 

18.62 

1300 . . . . 

8100 

10.98 

2809 . . . 

24,240 

19.21 

.1400 . . . 

8850 

11 53 

I 

3009 . . . 

25,840 

19.77 
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Titanium, Ti (page 2) 


Ti <*) : 

Enthalpy : H v - H*» „ = 6.26T + 1.26 X HHT* - 1877 (0.8 percent ; 298~1155°K ) 
Heat Capacity ; C» « 5.25 + 2.52 x lO^T 

Ti </?) : 

Enthalpy : H* - H m .,» = 7.50T - 1860 (O.i percent ; ! 155~1940°K) 

A Hiew (fusion 1 «= 4450 

^ Ti (1) : 

Enthalpy: H* - H»e. e -- 8.00T -f 1840 (0.1 percent ; 1940-3000°K) 


to. HEAT CONTENT AND ENTROPY OF Ti (g) 
(Paae, ideal gas at 298.15°K) 


T, °K 

Hv -- Hjm. is 

t&l/mJt 

St - Si»a.n 
cal. /deg. 
mole 

T, °K 

Ht - H 108.13 

cal. /nr>4e 

St - Sjia.is 
cal./deg. 
mole 

400 . 

575 

1.67 

1900 

8495 

9.87 

50C . . 

1120 

2.88 

2000 

9075 

10.16 

600 . 

1650 

3.84 

2200 ..... 

10,275 

10.74 


2170 

4.64 

2400 

11,530 

11.28 

800 . . 

2685 

6.CS 

2600 

12,840 

11.79 

900 . . 

8195 

6.94 

2*'00 

14,210 

12.31 

10CO . . 

8706 

6.47 

8000 

15,685 

12.81 

1100 . . 

4216 

6.96 

3600 

19,460 

13.98 

1200 . . 

4780 

7.40 

4000 

23,630 

15.10 



7.82 

4600 

28,110 

16.15 


6766 


5000 ..... 

32,P>5f> 

17.15 


5290 

8.57 

6000 

42,895 

18.98 

B /iTlMUg&S 


8.91 

7000 

53.320 

20.59 

B 

7870 

9.24 

8000 ..... 

63,830 

21.99 


7930 

9.56 





.g) : 

Enthalpy : H* - H m „ = 4.72T -f €.20 x 10'*T* - 0.90 X 10*^* 1123 
(0.6 percent ; 298 - 2000°K) 

Heat Capacity : C, = 4.72 ■+■ 0.40 x HHT 4- 0 50 X iO*T * 

Enthalpy : H r ~ Ha*, „ ™ 3.721' f 0.59 x 1CP*T* - 1.68 X 10*T ; - 6S2 
(0.6 percent ; 2000 - «000°K) 

Heat Capacity : C, = 8.72 -u 1.18 X 10 *T 1.58 X 10*T* 

Heat Capacity, cal/mole at 298°K : (solid) (B) 7.60 5, 9 

(liquid) 8.00 
(gas) 5.84 

See al«o above 

Decoin pcaitioa Temperature : — — 

D«contpo«ition Products: 

Vapor Pr wars : Ir. the trap, range 1660-1810' K ; log p - 7.80 ~ -tji— 28 

» press. in atmospheres and T — absolute temp. 

For other et{ rations see Ref. 88 and Addnl. Refs. 3 and 4 
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Titanium, Ti (page 3) 


X-Ray Crystallographic Data. 

System Spots Group a e 

hexagonal Dk 2.961 4.692 

cubic 8.288 

Kygroacopicity (cumulative increase in weight after) 


Atoms/Unit Cell 
2 
2 


Storage over H,0 tor 29 days: 

FiSO* for 29 days : 
Two days in oven at 106°C : 
Solubility Data: In cold water: 

In hot water: 

In dilute acids on heating : 
Health Hazard : 

Safety Classifications: 

GSM: 


1.7 % 51 

0 . 0 % 

0 . 0 % 

insoluble 29 

decomposes 

soluble 

none ; physiologically inert 12 

class? 


ICC : Powder listed under “Explosives and Other Dangerous Articles" as 
a flammable solid ; yellow label. 


U.N.: 


inflammable solid 


Firo and Explosion Hazard : Powdered metal exposed wC air is a dangerous fire 
hazard and burnt witfc intense heat. Prevent water from contacting the 
material. Store and process in rooms or buildings adequately vented at the 
highest point to prevent the accumulation of hydro ren gns which results 
from the reaction of powdered metal and moisture, when mixed with oxi- 


frora the reaction of powdered metal and moisture. When mixed with oxi- 
dising material, the powdered metal Is a dangerous fire and explosion haz- 
ard. In the repair and maintenance of buildings or equipment, powder or 
dust should be removed and nonsparking tools used. 

Finely ground titanium powder explodes spontaneously when in contact 
with not air, and burns in atmospheres other than air. At 680°C, the fine 
powder burns in pure carbon dioxide. At red heat, titanium decomposes 
st«am to free hydrogen. Above 1476 8 F it bums vigorously in atmosphere 
of pure nitrogen. The metal and Its alloys explode when treated with nitric 
acid. Oil covered titanium chips have ignited spontaneously. 

Precautions When He idling Titanium: 

Titanium powder is shipped and stored wet. Moisture content of containers 
of titanium powder should be kept above 20% by volume. All standard 
precautions must fco taken when nandling the powder, Metal equipment 
with which it comes in contact must be grounded, and operations carried out 
in atmospheres of helium, or argon. Atmospheres of carbon dioxide and 
nitrogen are ineffective since dustlayers of the powder ignite in these gases. 

Electrostatic Sensitivity (minimum energy required for ignition of powder by 
electric sparks, millijoule*) : (dust cloud) 10 

(dust layer) .008 

Ignition Temperature, °C: 

Massive metal in air 700-800 

Powder m air 280 

Duct Cloud 880 

Dust Layer 880 


14, 49, 61 


TltAraium. Ti (page 4) 



( 

! 


t 


Minimum Explosive Concentration: 

Powdered metal, mg. /I. 45 

Corrosion Resistance : Extremely resistant to corrosion by most substances. 
Use in Pyrotechnics : As a fuel. According to the specification, it is used in first 
fire mixtures for incendiary munitions. 


28 

88 


Additional References: 

1) "The Explosive Characteristics of Titanium, Zirconium, Thorium, Ura- 
nium and Their Hydrides,” I. Hartmann et a!.. Bureau of Mines R.I. 
4885 (1951) 

2) Kef. 64 

8) L. G Carpenter, Nature 1 63 , 527 (1949) 

4) J. Phys. Chem. 5P, 127-131 (1955) 
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TITANIUM DIOXIDE, TitX 

(Titania, Titanium White, Stutile. Anattase. t?re»oki5.e) 

Percent Oxygen : 40 ( 5. 

Specification No.: TT- 26a (Dry- Paint 

Pi ’men? ' 

The specification covers one grade and three types cu titanium dioxide pig; 
ment which vary in purity : 

Type L Free chalking (anatase) 

II, Semi-chalking, aluminum treated (rutile) 

III, Chalk-resisting, silicon-aluminum-zinc-treated (rutile) 
Molecular Weight: 79.94) 

Crystalline Form: tetragcv.ai 

Allotropie Forms: TiO* occurs in four allotropic forms ; hrookite, rutile, 
and two terms of anatase. The stabilit; fields of these modifications have 
not been clearly determined, but anatase H is reported to transform to :,na 
tase I at 642°C, and anatase I to rutile at 915°C. The first transformation 


Refs. 

,29 


1 

6f> 


is rapid; the second slow. The formation of a rutiie structure also has been 
found to occur when Ti 2 0 3 is oxidized. 

l 

l 

Color: (purified titani 2 ) translucent water white 
low then brown when heated. 

or yellowish cast. Turns yel- 

29 

54 V 7 

Density, g./ml. : 

(solid) brookite 4.17 

1 

Coefficient of Thermal Expansion : 

Ref. quotes Addnl. Ref. 5 

octahedrite, anatase, 3.84 
rutile 4.26 

9 X 10® 

1.22 

1 

41 

Coefficient of Thermal Expansion per °C : 

(Ex 10 7 ) where E is 

70-80 over the range 
20~600°C 

Addnl. Ret. 4 

Heat of Formation, Kcal./mole at 298° K : 

See Table a 

(c. Ill) rutile, -218.0 

1, 9 

Free Ei ergy of Formation, Kcal./mole at 298"K : 
See Table a 

(c. 111) rutile 203.8 

, 

a. HEAT AND FREE ENERGY OF FORMATION OF Ti0 2 (rutile) 

2 


T, °K 


A H (cal. mole) 

A F° (cal. /mole) 

298.16 ... 


-225,500 ( < 250) 

-212,300 ( ± 250) 

400 ... 


225,350 

207,800 

500 


225,100 

203,450 

600 ... 


22 1,900 

199,150 

700 .... 


224,700 

194,850 

800 


-221,500 

190,600 

900 . . 


224,300 

186,400 

1000 . . . . 


224,150 

-182,200 

1 too . . . 


224,000 

178,000 

1150 , . 


223,950 

175,900 

1 150 .... 


224,900 

173,900 
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Titanium Dioxide, TH> 2 (page 2) 


T, °K a K (cal. /mole) A F° (cal./mole) 


1 

i200 

-224,800 

-173,800 

1 

1800 

-224,600 

-169,550 

1 

1400 

-224,400 

-165,300 

1 

1500 

-224,150 

-161,100 

* 

1600 

-223,900 

-156,350 

l 

1700 ..... 

-223,650 

-152,750 

\ 

1800 

-223,400 

-148,600 

j 

1900 

-223,150 

-144,450 

i 

2000 

-222,850 

-140,300 


Free Energy Equations: 


2 

Reaction 

Range of Validity, °K 


1) Ti (a) (ft) =Ti0 2 (rutile) 

238.16-1150 


A F£ —-228,360 - 12.80T lcgT + 1.62 (10-*T*) -j- 1.975 (10 S T- 1 ) + 82.81T 


2) Ti (/8) 4 0 2 (g) — Ti0 2 (rutile) 

1150-2000 


A F£ — - 228,380 - 7.62T log T + .36 (10 S T 2 ) 

-f 1.975 (lO'T 1 ) +68.43T 


Entropy, cal./deg./mole at 298°K : 

(c. III) rutile, 12.01 

9 

See Tables b, c 



Melting Point: 

2108°K (1835°C) 

9 

Heat of Fusion, Kcal./mole: 

15.5 sr 2.5 

24 

Boiling Point: 

(rutile) 2500°K (2227°C) 

63 

Heat of Vaporization, Kcal./mole : 

Transition Point. 

Heat of Sublimation : 

138.9 

Addnl. Ref. 1 

b. HEW CONTENT AND ENTROPY OF TiCMrutile) 

4 

(Base, crystals at 298.15°X) 



T, °K 

Hr - Hjvih.u 

cal./mole 

St Sw.is 
cal. /deg. 

mole 

O 

H 

j 

H T — H?98.15 

cal./mo!e 

St -- S 2 B8. IS 
cal. /deg. 
mole 

100 

1540 

4.43 

1300 . . . 

. . 17,000 

24.38 

500 

3100 

7.91 

MOO . . . 

. . 18,820 

25.73 

600 

4735 

10.89 

1500 . . 

20,660 

27.00 

700 

6440 

13.51 

600 . . 

22,530 

28.20 

800 

8160 

15.81 

1700 . 

24,420 

29.85 

900 

9900 

17.86 

1800 . . . 

. . 26,340 

30.44 

1000 

11,650 

19.70 

1900 . 

28,280 

31.49 

1100 

13,420 

21.39 

2000 . . . 

. . 30,250 

32.50 

1200 

15,200 

22.94 





TiO-( rutile) : 

Knthalp;. : H T I7.97T | O i l \ 10 *T J } i.3f x t<>°T 1 6829 

(0.8 percent ; 298 !890°K ) 

Heat Capacity: C„ 17.97 i 0.28 x 10 S T 4.3o X 10»T * 
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Titanium DioxJjfe, TiOj {page 3) 


c. HEAT CONTENT AND ENTROPY OF Ti0 2 (anat.aae) 4 



(Rase, 

crystals at 268.i5°K) 



T, °K 

Ht - Hjsn. 5 

cal. /mole 

O ^ 

"* ^228.15 

cal. /deg, 
mole 

T,°K 

H t “ 15 

cal., .nole 



St — S 2 o 8 .is 
cal./deg. 
mole 

400 

1540 

4.43 

900 . . . 

9930 

17.89 

500 . . . 

3100 

7.91 

1000 . . . 

11,. 20 

19.78 

600 

4735 

10.89 

1100 . . . 

13,530 

21.51 

700 . . 

6440 

13.52 

1200 . . . 

15,350 

23.C9 

800 ... 

8170 

15.82 

1300 . . . 

17,180 

24.55 

Ti0 2 (anatase) : 



Enthalpy: H T - H 2#8 . 1(S = 17.83T + 0.25 X 10 S T 2 + 4.23 X 10 8 T J -6757 
(0.7 percent; 298-1300°K) 


Heat Capacity : C p = 17.83 + 0.50 X 10 8 T - 4.23 X 10 8 T 2 

Heat Capacity, cal. /deg./mole ; (solid) 13.16 

See equations above 

Decomposition Temperature : 

Decomposition Products : 

Dissociation Pressures: 

Tr apor Pressure, log p, lra . — - 0.492 X 10 * -f 11.19 (T = °K) 

at 2000°K, log p = 4.97 atm. See also Ref. 54V6 
X-Ray Crystallographic Data: 

System Space Group a c Molecules/ Uni* Cell 

(rutile) tetragonal DJJ 4.58 2.95 2 


9 


63 

Addnl. Ref. 1 

1 


Hygroscopieity : nonbygroscopic j 

Solubility Data : In water, HCI, HN0 3 , dil. H 2 SO« : insoluble i 1 

In hot concentrated H 2 S0 4 , alkalies: soluble 


Health Hazard: Considered harm teas: but high concentrations of the dust may 
cause irritation to the respiratory tract. 

M.A.C., mg./m.*of air : (tentative) 15 

Safety Classifications: 


OSM: 

ICC: 

Fire and Explosion Hazard: 
Electrostatic Sensitivity : 

Use in Pyrotechnics: 


not listed 
not listed 
none 

a product of the 
combustion of Ti 


12, 25 
29 
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Additional References: 

i) "Vapor Solid Equilibria in the Titanium Oxygen System,” W. Groves 
et td., J. Phyg. Chem. 59 , 127 ( 1955) 

. ) Ref. 64 

3) For color changes see also Ref. 44V29 sup 

4) F. Hummel and E. Henry, Report 6, Penn. State College School of 
Mineral ndustries, PB 60 , 659 CI948) ; cited by Ref. 65 

5 > Ind. Eng. Chem. 38 , 1097 { 1946) 
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TGLUIDINE-RED TONER (dry paint pigment) 
(I"(3“NitrO"p-Tolueneazo)-2-Naphthol. s 
Metanitroparatoluidino-azo-Betanaphthol, C.I. 12120, 
C.I. Pigment Red 3) 


NO* 


Formula : 


H S C<^ )- 


N : N 



CnHjjNsOj 


Specification No. : TT-T-562 

The color shall be resistant to HNO a (1.20 Sp. Gr.). to HCL (1.10 Sp. Gr.) 
and to 10% caustic soda solution. 

Molecular Weight: 3C7.32 

Crystalline Form : microscopic delicate 

feathery needles 

Color : purplish or brown ; bright 

red to somewhat darker 
yellowish red 

Density, g./ml. : (solid) 1.40 

(bulking value) 0.08576 

Coefficient of Thermal Expansion: 

Heat of formation: 


Free Energy of Formation: 

Entropy ; 

Me ting Point, °C: 258 

Heat of Fusion: 


Foiling Point . 
Transition Point : 
Heat of Sublimation: 


Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature: 

Decomposition Products: 

Vapor Pressure: 

X-Ray Crystallographic Data' 

Hygros.-opicity : 

Solubility Data . In acetone and chloroform : soluble 

' :i alcohol and b u'i/.cne ; si gbtiy soluble 

In hot. water , eery slightly soluble 

Health Hazard: 

Safety Classifications : 


311 


82, 48/ 


32 

82 

Spec. 

84A 

82 

82 


48A 


82 
48 A 
82 


•xAipyulivU::..-. 'n 1. vfrVnvS i , 




Toliiidtae-red toner (page 2) 


Fire and Explosion Hazard : 

Electrostatic Sensitivity: 

Resistance to light: (.full shade) excellent 

(tint) good 

to heat: to 320° F 

poor when baked 20 min. 
at 270°F 


to acids and alkalies: good 

Use in Pyrotechnics . Added to igniter compositions to impart a red color for 
identification. 


Additional References : 
1) Ref. 82 


1,4-di-p.TOLLIDINOANTFFRAQUINONE 

( 1 ,-4-<! i-p-tolya m : noanth raqu in one, 

D & C Green No. 6, Quinizarisie 
Green G Base, C.I. 6156S, C.I. Solvent Green 3) 


Formula : 


Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color : Creed irom chlorobenzol — blue, 
from glacial acetic acid — dark violet 
Density, g./ml. 

Apn^-ent Density: 

Temperature Coefficient: 

Heat of Formation: 

Free Energy of Formation : 

Entropy : 

Meltine Point: 

Heat of Fusion: 

Boiling Point: 

Transition Point : 

Heat of Sublimation 
Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature : 
Decomposition Products : 

Vapor Pressure : 

X-Ray Crystallographic Data 
Hygroseopicity : 

Solubility Data: In alcohol (g./l.) j SO°C: 
In aniline : 

It. concentrated H.SC , : 


0 H , , 

'! N -/ )CH, 

ox> 

II N-\ >CH, 

0 H v ' 


In chloroform and in benzene : 
Health Hazard. 


CjsHmNjO* 


MIL--D-3277 
418 5 
needles 


(Spec.) 0.45 ± 0.25 


491°K (218°C) 


34 

soluble with green color 
sol ub.; with violet-blue 
color or violet-red 
soluble 
unknown 


MA 


Refs. 
92, 43A 


88V14 

S8V14 

88V14 


C8V14 


| Addnl. Ref. 1 
88 VI 4 


92 


l,4>Di-p!cilu!d!no«n!hriiqu!nciie {p«ge 2) 


Safety Classification: 

OSM: 

ICC: 

Fire -and Explosion Hazard: 
Electrostatic Sensitivity : 

Uw in Pyrotechnics: 


not listed 
not listed 


to color smoke mixtures 
green 


Additional References : 

I) “The Dyeing Phenomena of Acetate Artificial Silk,” V. Kartaschoff 
and G. Farine, Helv. Chim. Acta 2 , 8?‘* (1928) 



TUNGSTEN, W 

(Wolfram) 


Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color : 

Density, g./ml.: 

Coefficient of Thermal Expansion, linear : 

-108 to 0°C : 

0 - 100 : 

0-800: 

0-500: 

1000 -200C : 

Heat of Formation, cal., 'mole at 298°K: 

Free Energy of Formation, cal./mole at 298°K: 
Entropy, al./deg./mole at 298°K : 

See Tables b, c 
Melting Point, °K : 

Heat of Fusion, cal./mole: 

Boiling Point: 

I-Ieat of Vaporization, cal./mole: 

Transition Point: 

Heat of Sublimation, cal./mole: 

Heat Content or Enthalpy, cal./mole: 

Hear. Capacity: 


MIL-T-13827 

183.86 

(cubic) /J-'orm trans- 
forms irroversely to « 
above 700°C 

grey-black 
(solid) 19.3 

4.2 X 10 6 

4.3 X 10-* 

4.5 X 10-* 

4.6 X 10 * 

6.1 X 10-* 

(gas) -200,000 
(gas) -190,009 

(gas) 41.55 
(c) 8.04 

3650 

8420 

5800°K (5427°C) 
191,000 


200,000 

(solid) 1216 
(gas) 1486 

(solid) 5.92 
(liquid) 8.5 
(gas) 7.5 


a. HEAT CAPACITY OF TUNGSTEN (solid) 


T, C K Cp- 

al./ deg./mole 

T, ? K 

C,? cai./ deg. /mole 

298 

5.92 

1600 

7.00 

600 .... 

6.17 

2000 

7.33 

800 

6.84 

2500 . . . . 

7.74 

1000 . . . . 

>200 . ... 

6.50 

6.67 

3000 

8.15 

See also equation.. 

iie!< w 

315 

1 


Refs. 


5 

1 

1 


1 5 

5 


o 

5.7 

5 

5 

5 


5 


5 
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Tungstm, W, (page 2) 


b. HEAT CONTENT AND ENTROPY OF W (c) 


4 


(Base, crystals at 298.15°K) 


*3 

0 

H t - Hga^.ig 

cal./tnole 

St - Sios.ji! 

ca!./deg. 

mole 

T. °K 

H t -IIjjs.m 
c&l./mole 

Sr — S**8.Ui 
cal./ deg. 
mole 


615 

1.77 

1500 .... 

7730 

10.18 

500 ... 

1220 

3.12 

1600 .... 

8430 

10.63 


1830 

4.23 

1700 .... 

9130 

11.06 


2450 

5.19 

1800 .... 

9840 

11.47 


8080 

6.08 

1900 .... 

10,550 

11.85 

900 ..... 

8710 

6.77 

2000 .... 

11,270 

12.22 



7.46 

2200 .... 

12,720 

12.91 

1100 



2400 . . . 

14,190 

13.55 



8.65 

2600 .... 

14,680 

14.14 

1300 


9.19 

2800 .... 

17,190 

14.70 



9.70 

3000 .... 

18,720 

15.23 


W(c) : 


Enthalpy 


H t - = 5.74T +0.38 X 10 *T*-1745 (0.4 percent: 298-3000°K) 


Heat Capacity : C„ = 5.74 f 0.76 x 10 *7 


c. FEAT CONTENT AND ENTROPY OF W (g> 
(Base ideal gas at 298.15°K) 


T, °K 

Hr _ Hn8.it 
cal./mole 

St — Stts.it 
cal./d'g 
mole 

T, °K 

Ht - HtM.1t 
cal./mole 

Sr • S««.is 
cal. /deg. 
mole 

400 .. . 

540 

1.55 | 1500 .... 

10,150 

12.47 

500 ... 

1130 

2.86 

1600 . . . 

11,040 

13.04 

600 .. . 

1806 

4.09 

1700 ... 

'i i ,895 

L 3.56 

700 .. . 

2580 

5.28 

.800 ... 

■2,730 

1 .04 

800 . . . 

3440 

6.44 

1900 ... 

13,540 

l.i 47 

900 .. . 

4375 

7.53 

20(H) .... 

14,325 

.5. 1 

1000 . . . 

5350 

8.56 

2200 .... 

15,855 

14.53 

1100 . . 

6340 

9.50 

2400 .... 

17,330 

16.21 

1200 . . . 

7325 

10.86 

2600 .... 

18,780 

16.83 

1300 . . . 

82(H) 

11.14 

2800 .... 

20,210 

17.36 

1400 . . . 

9235 

11.84 

3000 . . 

21 ,636 

17.86 



W(g) 




Enthalpy : H 

^IM.U ; i 0/70*1 

-0.66 X 10 *T” 

, 4.64 X 10*T 1 

4688 



(0.3 percent ; 1 600-3000° K ' 

10 70 - 1.32 X 10 *T 4.64 .< Io R T» 


Heat Capacity C, 



Tungsten, W (page 3) 


Vapor Pressure: At 2000-3500 ' K can be calculated from log p (mm. Hg.) = 

- 9.84 - 0.0146 log T - 0. 164T. Where T = temperature °K. Vapor pres- 

sure is 1 mm. at 3990° € 


X-Ray Crystallographic Data: 

System Space Group 

a, cubic Og 

/?, cubic O" or Oj| 


a Atoms/ Unit Cell 

3.1583 2 

5.04 8 


Hygroscopicity : 

Solubility Data: In water: 

In HNOa, H 2 SC„, and aqua regia : 
In HF and HN'O, : 

Health Haza d : 

Safety Classifications: 

OSM: 


insoluble 

very slightly soluble 

soluble 

very slight 

class 2 


F re and Explosion Hazard : Tungsten is dangerous ; n the powdered form when 
exposed to flame. It burns with intense heat. Prevent water from contacting 
the material. Store and process only in rooms or buildings adequately 
vented at the highest pant to prevent the accumulation of hydrogen gas 
which, results Lom the reaction of the powdered metal and moisture. 

When ( impounded with oxidizing agents, the powdered metal is a u&nger- 
ous fire and explosion hazard. In the rep&ir or maintenance of buildings or 
equipment, powder or dust should be removed and nonsparking tools used. 

Electrostatic Sensh'vity : 


Use in Pyrotechnics: 


as a fue 


40 


1 


1 

12 

12, 14 


Additional References : 

1) "Tungsten,” C. J. Smithells, Chapman A. Hall Ltd., London (1952) 

2 ) Ref. 48 


TUNGSTEN DIOXIDE, 

wo, 

Refs. 

Specification No.: 


— 


Molecular Weight : 


215.92 

1A 

Crystalline Form: 


cubic 

1A 

Color: 


brown. 

1A 

Density, g./ml. ; 


(solid) 12.11 

1A 

Coefficient of Thermal Expansion : 

— 


Heat of Formation, Kcal./mole at 298°K : 

(c) -134.0 ± 2.5 

24A 



-136.3 

1/ 9, 31A 

Free Energy of Formation, Real. 

/mole at 298° K : 

(c) -123.8 

S 


-122 

8 



-118 

31A 

HEAT AND FREE ENERGY OF FORMATION OF W0 2 (c) 

2 

T, °K 

A H (cal./mole) 

A F° (cai./mo!e) 


298.16 .... 

-187,000 (jt 2000) 

-124,600 (- 1 - 2000) 


400 

-13s>,900 

-120,400 


500 

-136,900 

-116,300 


600 

-186,800 

-112,100 


700 

-136,800 

-108,000 


800 

-136,700 

-103,900 


900 

-136,600 

99,800 


1000 

-136,600 

^5,800 


1100 

-136,500 

-91,700 


1200 

-136,500 

-87,600 


1800 

-136,100 

-83,500 


1400 .... 

-136,300 

-79,500 


1500 . ... 

-136,300 

-75,400 


Entropy cal. /deg./mole at 298° K 


15 

6 



15.5 

2 



16.0 -* 2.5 

24A 

Melting Point, ° U : See Dec imposition Temperature below. Ignites m air. Ignites 

31 A 

in nitrogen at 1500-160 1°C. 




Heat of Fusion Krai. /mole 


11.5 

6 

Boiling Point B gins to sublm.- 1 

at about 80D°C. Quite volatile above 1050 The 

44S51 

boiling point s about 1800 ’K 




Heat of Vapurizati mi, Kcal./mole 
lieut of Subiimalu n: 


18.86 

■14S54 

Heat. Con ent or E ohalpy : 


— 


Heat Capacity : 


— 


Decomposition Temj>eralme, ' K 


decomposes at 2125 * 50 

8 

!>wJmpositH».i Prod-- cts: 


W f WOj which sublimes 

4 4854 


Tungikn Oiw.'de, WO* (page 2) 


Vapor Pressure: 

X-Ray Crystallographic Data: 

System Space Group a b c 
nionoclinic P,, 5.65 4.89 5.55 

tetragonal Dfj 4.86 2.77 

Ilygroscopicity : 

Solubility Data.: In H*0, acids, KOH: 

Health Hazard : 


appreciable at 1800° K 


Molecules/ 
Axial Angle Unit Cell 
120° 25' 4 

2 


insoluble 
slightly toxic 


Safety Classifications : 

OSM : not listed 

ICC : not listed 

Fire and Explosion Hazard : The amorphous powder is 3trongly pyrophoric and 
easily oxidized to WO*. 

Electrostatic Sensitivity: 

Use in Pyrotechnics : 




I 

I 


ZINC, Zn 


Refs. 

Speciffimkm No.: 

JAN-Z-S6S 


Cover* three grades, which differ in purity, 

and tv o classes differing sn 


granulation. 



Molecular Weight: 

S6.38 


Crystalline Form: 

hexagonal 

1 

Color : 

bluish-white 

1 

Density, g./ml. : 

(solid) 7,14 

1 

Coefficient of Thermal Expansion, linear at 



10- 100°C : 

26.28 X 10 * 

1 

cubic at 0-iO0°C : 

89.28 X l' 1 * 


Equation for linear coefficient : l, = t, ( 1 + .2963 X 10 4 ) 4- 

1 

(~.0»a»x i0 *> 



where l t = length at temp, t in °C and U = length at 0°C 


H.iat of Formation, Kcal./mole at 298°K : 

(gas) 31.18 

1,9 

Free Energy of Formation, Kcal./mole at 298°K : 

(gas) 22.682 

5 

Entropy, cal. /deg./mole, at 298° K: 

(c) 9.95 

1.5 


(gas) 38.45 

1.5 

See Tables a and b 



Melting Point: 

692.7-R (419.£°C) 

4,5 

Heat of Fusion, cal./mole: 

1765 

4,5 

Boiling Point: 

1181°K (90' ~C) 

5 

Heat of Vaporization, cal./mole : 

27,580 

5 

Transition Point: 



Heat of Sublimation, cal./mole 

31,180 

5 

Heat Content or Enthalpy, cal./mole: 

(solid) 1349 

5 

See equation** below 

1 


a. HEAT CONTENT AND ENTROPY OF Zn (c, 1) I 

i 

(Base, crystals at 298.15°K) j 



T, °K 

H t - H«, ,» 
cal./mole 

Sr Si»* is 
cal. /deg 
mole 

T, °K 

H T - Ha**. 15 

cal./mole 

• to 

' "3 h 

400 .... 

625 

1.80 

800 

5150 

9.08 

500 .... 

1270 

3 24 

900 

,4300 

9.96 

600 .... 

’ 940 

4.46 

1000 

6650 

10.75 

692.7(c). . 

2.580 

5.45 

1100 .... 

7400 

11.47 

692.7(1) . . 

4345 

8.00 

1200 

8150 

12.12 

700 .... 

1400 

8.08 






Zn (c) . 




’ , H r 

Hjm ih 5.361 

-j 1.20 X 10 S T- 

1702 (0.3 per cel 

.1, 238-692./ 

K) 


I An (I) . 

| Enthalpy : H t ■(, 7.5 vT 850 (0.1 percent, 692.7-121)0 'K) 
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Zinc, Zn (page 2) 


» 


b. HEAT CONTENT AMD E JTROP1 OF Zn (g) 4 


(Base, ideal gas at 98.15°K) 

1 _ _ 

T, °K 

H t — H 2B fl i 8 

K>r ~ l r» 

T, °K H 

r — K»,u 

Sr — S~mi. tr, 


cal. /mole 

cal./deg. 

c 

■al ,/mole 

cal./deg. 



mole 



mole 

400 

505 

1.46 

1900 

7960 

9.20 

500 

1005 

2.57 

2000 

84 J 5 

9.46 

600 

1500 

3.48 

2200 

9450 

9.93 

700 

1995 

4.24 

2400 

10,445 

10.36 

800 

2495 

4.90 

2600 

11,440 

10.76 

900 

2990 

5.49 

2801' 

12,435 

11.13 

1000 

3490 

6.01 

3000 

13,425 

11.47 

1100 

3985 

6.43 

3500 .... 

15,910 

12.24 

1200 

4480 

6.92 

4090 ...... 

18,400 

12.90 

1300 

4980 

7.32 

4500 

20,905 

13.49 

1400 

5475 

7.69 

5000 

23,435 

14.03 

1500 

3975 

8.03 

6000 

28,675 

14.98 

1600 ..... 

8470 

8.35 

7000 

34,385 

15.36 

1700 

6965 

8.65 

8000 .... 

40,905 

16.73 

1800 

74S5 

8.94 






Zn (g) : 




Enthalpy: H T - H S , 818 = 4.97T- 1482 (0.1 percent ;298-5000°K) 



Heat Capacity, cal, /deg./mole : 

Also see above 


(solid) 6.07 
(liquid) 7.50 
(gas) 4.97 

1 

4,5 

Decomposition Temperature: 


— 



Decomposition Products: 


— 



Vapor Pressure 

* 





Press, mm. 

1 10 

40 100 

i 4C0 760 

M.P. 

1 

Temp. °C 

487 593 

673 736 844 907 

419.4 


X-Ray Crystatlograpnic Data : 





System 

Space Group 

'l 

c A toms /Unit Sell i 

' 

hexagonal 

D »h 

2.6585 4 9342 2 



Hygi oscopieity : 

On exposure to moist :t ; zinc be 

’omes coated with a 

white oasic 

If, 29 


carbonate of Zn. Cumulative increase in weight after: 
Storage ever H a O fm* 29 days : 5.2 *V 

Storage ovei ! I 2 30 4 for 29 days : 1 .7 ( }i 

Two days in oven a' litre C • 4,3 C 

Solubility Fa*a Insoluble in water, but soluble >»: acids. 


. 29 


32 i 


. Ikalies and unmenia 


i 


/iw , <*s» fpisge 3) j 

Health Haard : Zrac powder is slightly to hk .icrately toxic. V, r 5itm he ited fumes 1SJ, 12, 25, 2i» 
of ZnO evolve, which when inhaled ‘ .u. cause ‘brass founde: s ague” or 
“brass chills” and fever, also ca«»*. i ‘Vine-fume t, 'r" “zinc, chilis” or 
“gal vo.” The effect, is usually temporary. 

M. A.C. of zinc (as ZnO) , jiur./m. 3 : 1.5 j 14 

Safety Classifications : 

OSM : class 2 

ICC: not listed 

Fire and Explosion Hazard : Powdered zinc when hea;ed is an explosive and lire 12, 14, 4b, 51 
hazard. It burns with intense heat. Prevent water from contacting Jhe 
material, Store arid process only in buildings or rooms adequately vented at 
the highest point to prevent the accumulation of cv^ved hydrogen gas. 

When compounded with oxidizing agents, the powdered metal is a danger 
ous fire and explosive hazard. In the repair or maintenance of buildings or 
equipment, powdered dust should be removed and nonsparking tools used. 

Fight fire with special mixtures of dry chemicals, or powdered talc. 75 

See also Ref. 86 

Electrostatic Sensitivity (minimum entity required for ignition of powder by 

electric sparks, millijoules) : (dust cloud) 650 26 

Ignition Temperature, °C : (dust cloud) 20 26 

(dust layer) 100 

Minimum Explosive Concentration, mg./ 1. : 4SG 26 

Use in Pyrotechnics: As a fuel. On burning, ii; produces a white light with a 20,29 
bluish-green or bluish tint. 1 
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Kefs. 


<;a?*isoinat 




Molecular Weight : 
Crystalline Form : 
Colo’,' : 


Density, g./ml. : 

Coefficient, of Therm*! Expansion * 

Heat of formation, Kcal./nmlo at 298°K . 

Free Energy of Formation. Kcal./mole at 298°K : 
Entropy, cal/deg./mole at 298°K t 
Melting Point : 

Heat of Fusion: 

Boiling Point : 

Transition Point: 

Heat. of Sublimation: 

Heat Content- or Enthalpy ■ 

Heat. Capacity, cal, /deg./mole: 


MIT.-Z- 1200 f 

125.39 

tvigonai 

whi* e 
colorless 

(solid) 1.44 


(c) 194.2 
fo.) -174.8 

19.7 

loses CO . at 
573 °K (300°C) 


(solid) 19 1G 


Molal Heat Capacity can be estimated from C P 9.30 4- 33,0 (10'*T) at 
298-780°K 


Decomposition Temperature : loses CO* at 801>°C 

Commercial ZnGO* gives off some CCh even at 90°C. Decomposition is com- 
plete at 300° in i hour, and at 400'- in l /> hour. 


Decomposition Products: ZnO 4- CO 

Heat of Dissoeiatior., cal./mole: 21,000 

Dissociation Pressure . A constant reproducible decomposition pressure has not 
been observed. The decomposition depends on the grain size and other 
factors. 


j 

i 

i 

i 


I 

29 

1 

1 


9 

9 

3, 9 

1 


! 


9 

4 

1 

54 V4 
54V2 
44S32 sup 
44S32 sup 


X-Ray Crystallographic Data : 

System Space Group a 

hexagonal DJ d 5.704 

Hygroscopicity : 

Solubility Data: 

In water at 15°C: 

In acids, alkalies, NH, salts : 

In NH,, acetic acid, pyridine: 

Health Hazfttd: 


Molecules/ 

Axial Angle Unit Cell 

a — 48" 6' 2 I 


0.00 i g. 
soluble 
insoluble 
low 
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/5u<i- Carbonate (page 2) 


Safety Classifications: 

GSM : 

ICC : 

Fire and Explosion Hazard : 
Electrostatic Sensitivity : 

Use > i Pyrotechnics * 


not listed 

:mf I isf.^d 


as a retardant 


ZINC OX! I M-;, Zt.o 


Specification No. : 

The specification rovers throe grades of wh 
pyrotechnic mixtures. They di,4- sonicwh 
purer) and have the same granulation. 

Molecular Weight : 

Crystalline Form: 

Color : 

Becomes lemon yellow on heating, regaining 
Density, g./rnl, : 

Coefficient of Thermal Expansion, cubical: 

Heat of Formation, Kcal./mole at 298°K : 

See Table a 

Free Energy of Formation, Kcal./mole at 298°K : 
See Table a 


\ 

lCrji\ 

vers of Zikic, 

Woo! ) 

M 1 E-Z-291 B 

grades 1 and 2 are used in 
in purity (grade 2 is the 

1, 11. 2 

81.38 


amorphous powder 

1 

white (or yellowish) 

1 

white color on cooling 

52 VII 

(solid) 5.47 

1 

(aver.) 1.8 X 10 7 

31 

(fused) 84.35 
<c) -83.17 


(c) 76.05 

1,9 

[ATION OF ZnO (c) 

2 


T, °K 

A H (cal. /mole) 

A F° (cal. /mole) 

298.16 .... 

-83,250 ( * 200) 

-76,100 (± 209) 

400 

-83.150 

-73,650 

500 

-8d,050 

-71,300 

600 

-82,950 

-68,950 

692.7 .... 

-82,850 

-66,800 

692.7 .... 

-84,600 

-66,800 

700 

-84,600 

-66,600 

800 

-84,550 

-64,050 

900 

-84,500 

-61,450 

1000 

-84,400 

-58,900 

1109 

-84,300 

-56,350 

1180 

-84,200 

-54,350 

1180 

-111,600 

. -54,350 

1200 

-111,550 

-53,350 

1300 

-111,150 

-18,500 

1400 

-110,750 

-45,700 

1500 

-110,350 

-38,950 

1600 .... 

-109,900 

-34,200 

17o0 

-109,450 

-29,500 

1800 

-109,000 

-24,800 

1900 

-108,550 

-20,150 

2000 

-108,100 

-ly,5CC 
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Zinc <! ® x. !<• /nO (page ~) 


Phase 1 Chan fees of Motai 


M.P., 692.7° K ; A If 1765 cal./g 

! 

B.P., 1180° E; A H 
Free Energy Equations : 

27,430 cal./g.-at.um 

i 

i 2 

Reactions 

1) Zn <c) + i/o0 2 (g) — - ZnO <c) 

A F,' . — 84,670- 6.40 (T log T) f 

2) Zn (i> + i/ 2 0 2 (g) — ZnO (c) 

A Ft — - 85,520 - 1 .45 (TlogT) 

3) Zn (g) + 1/2 O, (g) ^ ZnO (c) 
iff — - 115,940 - 7.28 (TlogT) 

Range of Validity, °K 
298.16-692.7 

.84 (10 *T 2 ) -|- .99 ( 10‘T ') -f- 43.25T 
692.7-1180 

36 (10 »T 2 ) !- .99 ( 10 6 T 5 ) f 31.25T 
1180-2000 

-.36 (10 »T 2 ) -1 .99 -j- (10 B T-‘) + 74.94T 

I 

! 

Entropy, cal. /deg./mole at 298°K : 

— 

9 

See Tables b, c 



Melting Point: 

> 2073°K (> 1800°C) 
zincite, 2243°K (1975°C) 

X 

63 

Heat of Fusion, g./cal./rnole: 

4470 

7 

Boiling Point: 

decomposes 
zincite, decomposes 

2223°K ( 1950°C) 

24 

63 

Transition Point : 



Sublimation Temperature: 

2073°K 1 1800 D C) 

50 V 15 

Heat of Sublimation, Kcal./mole: 

1 11-1 12.5 

44S32 sup 

b. HEAT CONTENT AND ENTROPY OF ZnO (c) 

(Base, crystals at 298.15°K) 

4 


a 

c 

H- - Hj98m 
i d./mole 

C Q 

OT ~ ‘-'ZWH.lfi 

cal./deg. 

mole 

T, *K 

Ht — H 2 98,l.% 
cal. /mole 

St - 0 2 »8.is 
cal./deg. 
mole 

400 

1070 

3.08 



17.29 

500 

2190 

5.58 


13,450 

18.28 

600 ..... 

3350 

7.69 

1500 .... 

14,800 

19.21 

700 

4530 

9.51 

1600 .... 

16,160 


800 

5740 

11.13 

1700 .... 

17,530 

20.92 

900 

6970 

12.57 

1800 .... 

18,910 

21.71 

1000 . . . . 

8220 

13.89 

1900 .... 

20,300 

22.46 

1100 

9500 

15.11 

2000 .... 

21,700 

23.18 

1200 

lu,800 

16.24 





ZnO (c) : 

Enthalpy: H t -H 2 „. 1b = 11.71T + 0.61 X 10*T 2 + 2.18 X 10»T *-4277 
(0.4 percent ; 29&-2000°K) 

Heat Capacity : C p — 11.71 + 1.22 X 10 »T- 2.18 X 10 8 T 2 
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/.'me 4 Kid", ZsnO (jntgr 3) 


HEAT CONTENT AND ENTROPY OE ZnO (g) 
(Base, ideal g«s at 298.1 5"K) 


T, °K H- 

— !!■>»*. ir> 

St Su„h u, 

T, °K 

Ht-IE™.,, 

Sr - ir. 

cai./mole 

cal. /deg. 


cal. /mole 

cal. /deg. 



mole 



mole 

400 

795 

2.28 

1000 

5875 

9.99 

500 

1605 

4.10 

1200 

7630 

11.59 

600 

2435 

5.61 

1400 

9390 

12.95 

700 

3285 

6.92 

1600 

i 1.160 

14.13 

800 

4140 

8.06 

1800 

12,930 

H77T7 

900 

5005 

0M J 

2000 

14,710 

16.11 



ZnO (g) : 




Enthalpy: H T - H 2t ,». 1R =z: 8.40T -f 0.17 X 10 8 T 2 

4 - 0.82 x 10 5 T 1 - 

2795 



(0.3 percent; 

298-2000°K) 




Heat Capacity: C p ~ 

- 8.40 4 0.34 X 10 S T 2 - 0.82 X 10*T 2 



Heat Capacity, cal./deg./molc at 298 C K: 

(solid) 9.62 


9 






4 4S32 sup 

Temp, °K 20 

30 50 

100 150 200 300 500 

700 900 


C, 0.17 

0.S0 1.98 

4.24 6.22 7.20 9.66 11.2 

11.8 12.3 


Also see equations above 





Decomposition Temperature, °K 


2250 ± 25 


8 

Heat of Decomposition [toZn(g) and 0(g)] 




Kcal./mole : 



< 92 


44S32 sup 

rUponm/vvci^fiA*' 

. . . — , — ‘ w * v ‘* ■* * 

lie to i to £4ii -j-~ O \ ad ( o—lv 

~rO 

1 

1 Addn' Ref. 

Vapor Pressure: 





1 

Approx. Press, mm. 0.1 1.2 

3.5 12 

760 

Addnl. Ref. 

Temp. °C 

1000 1400 

1450 1500 

1700 



For Dissociation Pressure vs. Temp, see Ref. 54V4 and 44V32 sup 
X-Ray Crystallographic Data: 

System Space Group a c Molecules /Unit Cell 


C* 


3.24265 5.1948 


hexagonal 

Hygroscopicity : Absorbs H 2 0 and CO» from air. The rate of absorption is 
greater the finer the oxide and increases with rising temp. 

Solubility Data: In water: .00016 g./lOO ml. at 29°C 

In mineral acids, dilute acetic acid, NH 4 OH : soluble 

Health Hazard : Slight to moderately toxic. Zinc oxide is relative!’' inert, and 
virtually harmless except when freshly formed. It is an eye irritant, how- 
ever, and should not be allowed to come into contact with the eyes. Fresh 
fumes of zinc oxide can cause “brassfounders ague” or "brass chills,” etc, 
(See Zinc.) 

M. A.C. mg./m. 3 of air for an 8 hr. working day : 1 5 


44S32 sup 

1 

93 

25 

29 

14 
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/ini' iKiilc, ZnO (page «) 


Safety Classifications : 
OSM: 


ICC: 


not listed 
not listed 


Fire ;>nd Explosion Hazard: none listed 

Piwcutiona When Handling : 

Ha. >dle carefully to avoid excessive “dusting.” Keep work area clean, and 
wash hands frequency. 

Store in sealed corlainei s away from acids. 

If it enters the eye, thorough washing of the eye in a bubble type fountain 
or inverted faucet, will remove the irritating particles. Take the victim to a 
physician immediately for examination and further treatment. 

Electrostatic Sensitivity; — — - 

Use ir. Pyrotechnics: A product cf the burning or oxidation of zinc. Used in 
screening smoke compositions. 


Additional References: 

I!) “Zinc Rediscovered.” H. E. Brown, New .Jersey Zinc Company, 

New York 

{) P"’\ 64 

3) “The Stability of Gaseous Diatomic Oxides.” Brewer and Mastic, J. 
Chern. Pnys., l!), S 34 (1951) 


ZINC STEARATE 


Refs. 


Formula: Zn (C, s H 3r .O») 2 

Specification No. : 

Molecular Weight: 632.30 

Crystalline Form: Light powder, talc-like to touch, usually marketed as a fine 
powder about 300-325 mesh. 

Color : white 

Density : 

Coefficient of Thermal Expansion: 

Keat of Fuj mation : 

Free Energy of Formation: 

Entropy • 

Melting Point: 403°K (130’C) 

Melts to a clear water-white liquid and cools to a translucent glassy mass 
of crystalline appearance and which is easily powdered. 

Heat of Fusion: 

Boiling Point: 

Transition Point: 


16, Addnl. 
Ref. 1 


1 

Addni. Ref. 1 


Heat of Sublimation: 

Heat Content or Enthalpy : 
Heat Capacity: 

Decomposition Temperature : 
Decomposition Products : 
Vapor Pressure: 

X-Ray Crystallographic Data: 
Hygroscopicity : 

Solubility Data: 

In water, alcohol, ether : 

In benzene : 


Temp. °C 

CH s OH 

Toluol 

25 

0.04* 

0.04* 

50 

0.06 

0.27 

75 

1.88 

1.98 

100 

6.56 

4.97 


*g. of stearate/100 g. solvent. 

For additional solubility data see Addnl. Ref. 3 
Health Hazard : j ow 

Inha'ation oi the powder can lead to pulmonary inflammation. 
Safety Classifications: 

OSM: 

ICC: 


nonhygroscopic 
(repels water) 

insoluble 

soluble 


29 

1 


Addnl. Rt: { 


12, 29 
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not listed 
not listed 


/liu* Slrarwtr ( |m^'r 2) 


Kin' nnd Explosion Hazard : 

Au'olynl! Um Temp., -I 1 ': .'Hi 1 IP 

Flash Point (open ciip),‘'F: . r >;i() 

Electrostatic Sensitivity : 

Use in Pyrotechnics : as a retardant, fuel, 17 

and binder 

Additional Peferences: 

1) "Metallic Soaps — Their Uses, Preparation and Properties,” W. F. Whit- 
more and M. L^iuro, Ind. Eng. Chem., 22.646 (1930) 

2) "Aero Metallic Stearates,” (pamphiet) American Cyanamid Co. (1960) 

3) “The Solubility of Zinc Soaps in Organic Solvents,” E. P. Martin and 
R.C. Pink, J. Chem. Soc. 1750 (1948) 



ZIRCONIUM, Zr 


tcejs. 


Specification No.: PAPD-464 

Specification PAPD-464 covers two classes which differ in purity. A type 
of zirconium powder has been developed which is made by a new process, 
and has three granulations A, B, and C. This new type is covered by new 
specification FA-PD-MI-2364. Granulations A and B of this type are 
packed, shipped, and handled dry. Granulation C f this type is packed, 
shipped, and stored under water. 


Molecular Weight: 91.22 

Crystalline Form: cubic 

Color : The bulk metal is silvery white to grey. Dry colloidal Zr and finely pul- 
verized Zr are black and resemble carbon in appearance. Coarser granula- 
tions are steel-grey in color and look like crushed cast iron. 

Density, g./ml. : (solid) 6.49 


Coefficient of Thermal Expansion, linear: 
hexagonal, a form (298-1143°K) — linear 
along a axis . 
along c axis : 
cubic, p (1148-1600°K) : 


5.5 x 10-* 
10.8 X 10 * 
9.7 X 10-* 


1 

1, 28, 29 


39 

28. 39, 50V 15 


Range °C 

Coeff. ( linear ) 

-183 to 0 

4.G-5.1 X 10-* 

0-20 

4.6-5.9 X 10-* 

20-200 

5.4 X 10 8 

20-400 

6.1X10-® 

20-700 

7.1 X 10-* 
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Heat of Formation, Kcal./mole at 298°K: (gas) 125 

Free Fnergy of Formation, Kcal./mole at 298°K : (gas) 115 

Entropy, cal./deg./gm. at 298°K: (c) 9.29 

(gas) 43.31 

See Tables a and b 

Melting Point: 2125°K (1832°C) 

Heat of Fusion, cal./mole: 4000 

Boiling Point: 4650°K (4377°C) 

Ref. ?9 gives 3577°C (3850°K). Other lefs. vary appreciably. 
Heat of Vaporization, a './mole: 139,000 

Transition Point, °K: 1135 


Heat of Transition, cal./mole: 

Heat of Sublimation, cal./mole: 

Heat Content or Enthalpy, cal./mole at 298°K : 
See equations below 


920 

146,000 
(solid) 1313 


1 

9 

5 

5 

5 

5 

r 

c 

5 

5. Addnl. 
Ref. 2 

2 

5 

5 
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Zirconium, Zr (page 2) 





f 

i 

< 


a. HEAT CONTENT AND ENTROPY OF Zr (c, i) 


4 



(Rase, 

crystals at 298.15°K) 




T, °K 


St — Se2P.i5 

T, °K 


H t — H 928 . 1 S 

St — S#2B.15 


cal. /mole 

cal./deg. 



cal./mele 

cal./deg. 



mole 




mole 

400 . . 

. . . 650 

1.87 

1600 . . . 


10,680 

12.98 

500 . . 

1330 

3.39 

1700 . . . 


11,470 

13.46 

600 . 

2030 

4.66 

1800 . . . 


12,260 

13.91 

700 . . 

2740 

5.76 

1900 . . . 


13,050 

14.33 

300 . 

3460 

6.72 

2000 . . . 


13,840 

14.74 

900 . . 

4200 

7.59 

2100 . . . 


14,630 

15.12 

1000 . . 

4980 

8.41 

2130 (c) . 


14,870 

15.24 

1100 . . 

5800 

9.20 

2130 (1) . 


19,770 

17.54 

1135 (a) 

. . . 6090 

9.46 

2200 . . . 


20,330 

17.80 

1135 (p) 

7005 

10.26 

2400 . . . 


21,930 

18.49 

1200 . . 

7520 

10.70 

2600 . . . 


23,530 

19.13 

1300 . 

. . . 8310 

11.33 

2800 . . . 


25,130 

19.72 

1400 . . 

. . . 9100 

11.92 

3000 . . . 


26,730 

20.28 

1500 . . 

. . . 9890 

12.47 







Zr («) : 





Enthalpy : 

H t - H m , !B = 6.50T 4- 0.71 X 10 'T 2 + 0.82 X 10'T - 1 - 2276 



(0.7 percent ; 298-1136°K) 





Heat Capacity : C,= 6.50 + 1.42 X 10 *T- 0.82 X 10 S, T 2 






Zr (p) : 





Enthalpy : 

Ht-H*. „ = 7.90T 

- 1960 (0.1 percent ; 1135-2130°K) 



A H ,,* 0 (fusion) — - 4900 








Zr (1) : 





Enthalpy: 

Hr - iw,„ =r S.OOT + 2730 (0.1 percent ; 2130-3000 C K) 




b. HEAT CONTEN i AND ENTROPY OF Zr (g) 


4 


(Base, 

ideal gas at 298.15°K) 




T, °K 

H r — H-29H. ,r> 

S T — S 928 . 1 B 

T, °K 


Ht — H 298.15 

Sr - S®28.is 


cal. /mole 

cal. /deg. 



cal. /mole 

cal./deg. 



mole 




mole 

400 . . 

665 

1.92 

1900 . . . 


10,325 

11.92 

500 

1325 

3.39 

2000 . . . 


11,025 

12.28 

600 

1980 

4.58 

2200 . . . 


12, <50 

12.96 

TOO . . 

. . . 2620 

5.57 

2400 . . . 


13,905 

13.59 

800 . 

. . 3245 

6.40 

2600 . . . 


15,390 

14.18 

900 . . 

3870 

7.13 

2800 . . . 


16,900 

14.74 

1000 . . 

4475 

7.78 

3000 . . . 


18,435 

15.27 

1100 . . 

. . . 5085 

8.36 

3500 . . 


22,41C 

16.50 

1200 . . 

5705 

8.90 

4000 . . . 


26,575 

17.C1 

1300 . . 

. . . 6335 

9.40 

4500 . . . 


30,925 

18.63 

1400 . . 

6970 

9.87 

500l» . . . 


35,430 

19.58 

1500 . . 

7620 

10.32 

6000 , . . 


44,750 

21.28 

1600 . . 

. . . 8280 

10.75 

7000 . . . 


54,235 

22.74 

170° . 

. . 8950 

11.15 

8000 . . . 


63,645 

24.00 

1800 . . 

. . 9630 

11.54 




__ 
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Zirconium, Zr (page 3) 

Zr (g) : 

Enthalpy: H T -H sa8 . 15 = 7.01T-0.35 X 10 *T 2 +0.38 X 10 6 T *-2186 
(0.7 percent ; 298- 1400°K) 

Heat Capacity : C p = 7.01 - 0.70 X 10'*T - 0.38 X 10 5 T 2 

Enthalpy : H T - H SD8 . J5 = 5.59T + 0.86 x 10-*T 2 - 0.50 X 10 8 T 1 - 1531 
(0.3 percent; 1400-6000°K) 

Heat Capacity : C p = 5.59 + 0.72 X 10" 3 T + 0.50 X 10 B T' 2 

Heat Capacity, cal./deg,/mole at 298°K : (liquid) 8.00 

(a form) 6.01 
(/Sfornj) 7.90 

c. HEAT CAPACITY OF Zr 


(Solid 1, 298-1 143°K ; Solid II, 1143-2125°K ; 
Liquid, 2125-3000°K) 

T, °K C° (cal./deg./mole) 

298 

6.01 

400 

6.36 

600 

6.88 

800 

7.34 

1000 

7.79 

1100 

8.01 

1200 

6.79 

1600 

7.43 

2000 

8.07 

2100 

8.23 

2200 


to 


3000 

8.00 


See also equations above 

O imposition Temperature: 

_ .position Products : 

Vapor Pressure : For 1949-2054°K the following equation holds : 

log P (atm.) — -31,066/T +7.3361 -2416 X 10~* (where T = absolute temp.) 


Press, atm. 

jo- 4 

10* 

10 2 

1 

Temp. °K 

2450 

2700 

3000 

3850 


X-Ray Crystallographic Dab' : 

System Space G jitp a c Molecules/ Unit Cell 

hexagonal D,l h 3.223 5.123 2 1 

cubic OJ 3.61 21 

Hygroscopicity : 

Solubility Data: Insoluble in water. Soluble in HF. aqua regia, hot phosphoric 1 
acid. Slightly soluble in acids. 
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Zirconium.. Zr (page 4) 


Safety Glassifications: 

OSM: (dust) class 1 

ICC : flammable sol id ; 

yellow label 

Fire and Explosion Hazard: Dry Zr powder -r sponge is a pyrophoric solid 
liable to spontaneous combustion and brims in air with intense heat. It 
may explode particularly in the presence tf water due to evolution of 
hydrogen. The explosive range of dust clouds of Zr powder in air is about 
45 to 300 mg./l. The range of fire and explosion is increased by heat and 
the presence of oxidizers. 

Caution : Do not use water to fight fire. Use special mixtures of dry chem- 
ical salt, dry sand, or powdered talc. Use only nonaparking tools for repair 
or maintenance in storage areas. 

Health Hazard Zirconium powder is believed to be nontoxic. Zirconium and its 
alloys explode when treated with nitric acid. 

M. A.C., mg./m.* : 5 

Precautions When Handling : 

Zirconium powder (PAPD, is shipped and stored wet. In no case should it 
be shipped rod stored in anything larger than a one-gallon can, nor should 
the moisture content be reduced to less than 25 percent by volume. Powder 
containing 5-15% water is extremely dangerous. When once ignited, it 
burns even more violently than the dry powder. All operations with the 
powdered metal must be performed in an inert atmosphere, and persons 
working with it require protective clothing including gloves and face pro- 
tection. Waste zirconium powder, rags, and other materials that have come 
in contact with it must be segregated from other wastes, immersed in 
water, and disposed of at once. At ordinary temperature Zr is not very inac- 
tive as a thin protective coating of oxide on the surface is formed, 

Zr readily combines with oxygen and the rate is appreciable at 200°C. The 
energy of activation of the reaction has been determined as 18.2 Kcal./rnole 
and the entropy of activation as -25.6 cal. /mole. 

Zr combines not only with oxygen, but also with nitrogen, carbon, and 
silicon. 

At high temperatures Zr burns with a brilliant white light. When the hot 
metal is treated v r ith steam at 700-800°C, free hydrogen is evolved. 

Autoignition Temperature : 500° F 

See FA-PD-M I-2S64 for handling the new type of Zr. 

Electrostatic Sensitivity (minimum energy required for ignition of powder by 
electric sparks, millijoules) : (dust cloud) 5 

(dust layer) 0.001 

Use in Pyrotechnics: As a fuel, and a component of nongaseous fuze powders. 
Additional References: 


12, 14, 15. 
26, 28 


49, 51, 75 


93 

12 


28 


16 

39 

75 

26 

17 


1) “The Explosive Characteristics of Titanium, Zirconium, Thorium, 
Uranium, and Their Hydrides,” I. Hartmann et a’.. Bureau of Mines, 
RI4836 (Dec. 1951) 

2) “Metallurgy of Zirconium,” B. Lustman and F. Kerze, Jr., McGraw-Hill 
Book Company, New York (1955) for data on the various physical 
properties of Zr. 
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ZIRCONIUM HYDRIDE, ZrII 2 (not a definite chemical) 


Refs. 


Zirconium readily absorbs hydrogen even at room temperature, forming 
brittle, metallic-like materials whose compositions vary with the amount of 
hydrogen absorbed and approach ZrH a as the limiting maximum hydrogen con- 
tent. The absorption is reversible and at constant pressure decreases with 
increasing temperature. The optimum temperature for absorption of H by Zr 
is given as 300°C. However, the data of Addnh Ref. 4 show a higher absorption 
at 20° and 160°C, i.e., 24,000 cc. at S.T.P. per 100 g. of metal and 23,700 cc. at 
300°C. The absorption of H by Zr is exothennic and results in & large increase 
in volume, approximately 15%. The absorbed H 2 is completely liberated at about 
800°C. Absorption depends to some extent on the surface condition of the Zr. 

Zirconium hydrides have been prepared by 
1) Heating the prepared metal with H 2 . 

2; Forming the metal in the presence of H 2 . 

3) Treating Zr0 2 with 0&K 2 at 300-1000° in an atmosphere of H 2 . 

Although Zr and H a do not form definite compounds, five well-defined 
crystal phases of the two are recognized. These have been designated «, p, etc. 
The S phase is a face-centered tetragonal phase which includes the range from 
ZrH 1.67 to close to ZrH 2 , and corresponds to about 66.7 atom % of H 2 . 


28, 39, Addnl. 

Ref. t 


Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color : 

Density, g./ml: 

Coefficient of Thermal Expansion: 

Heat of Formation for ZrHi.*#, Kcal./mole : 
Free Energy of Formation: 

Entropy: 

Melting Point: 

Heat of Fusion: 

Boiling Point : 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy : 

Heat Capacity: 

Decomposition Temperature: 
Decomposition Products: 

Vapor Pressure: 


MIL-Z-21853 

93.24 

powder 

dark grey to black 
(solid) 5.6 


1 

1,29 

12 

50 VI 6 
50V15 


apparent above 100°C 
hydrogen driven off 


< 


Zimifilum Hydride, ZrH« (poge 2) 

X-Ray Crystallographic Data (for a hydrogen content approaching ZrH 2 ) : 

Molecules / 

System Space Grouv a c Unit Cell 

tetragonal 4.364 4.440 

tetragonal (E phase) 3.513 4.450 4 


Hygroscopicity : 
Solubility Data: 
Health Hazard: 

Safety Classifications : 
OSM: 

ICC: 


not listed 
not listed 

F'ire and Explosion Hazard : Dangerous, due to evolution of hydrogen. At higher 
temperatures ZrH ? reacts with oxygen and with oxygen containing com- 
pounds. It may ignite and explode with water. 

See also Ref. 44V42 

Electrostatic Sensitivity (minimum energy required for ignition of powder by 
electric sparks, milli j oules ) : (dust cloud ) 60 

(dust layer) .064 

Activation Energy, at 1 atm., cal./mole : 17,200 ± 200 

Use in Pyrotechnics : in igniting flares and as 

a fuel 

Minimum Explosive Concentration of Zirconium Hydride Powder, mg./l. : 

See Also Addnl. Ref. 1 86 


Autoignition Temperature, 300~600°C : 


(dust cloud) 350 
(dust layer) 270 


Additional References: 

1) T. B. Douglas and A. C. Victor, J. Research N.B.S. 61, IS (1958). 

2) "The Explosive Characteristics of Titanium. Zirconium, Thorium, 
Uranium and Their Hydrides," I. Hartmann et Bureau of Mines, 
RI4885 (1951) 

3) “The Crystal Structures of ThH» and ZrH*", R. Rundle et al., Z. Phys. 
Chem. 115,433 (1981) 

4) Hall et al., Tran. Far. Soc. il, 306 (1940) cited in Ref. 40 


8M 


28 

Addnl. Ref. 3 
44S42 


12, 39 


26 

17 


26 


28, 26 




Refs. 


ZIRCONIUM-NICKEL ALLOY (Powdered) 


Formula : 

Specification No.: 

The specification covers two types. Type 
Zr/Ni alloy. 

Molecular Weight: 

Crystalline Form; 

Color : 

Density, g./nil. : 

Coefficient of Thermal Expansion : 

Heat of Formation : 

Free Energy of Formation : 

Entropy : 

Melting Point: 

Heat of Fusion : 

Boiling Point: 

Transition Point: 

Heat of Sublimation: 

Heat Content or Enthalpy: 

Heat Capacity: 

Decomposition Temperature : 

Decomposition Products : 

Vapor Pressure: 

X-Ray Crystallographic Data: 

Hygroscopicity : 

Solubility Data: 


(Spec.) Zr/N: 70/30 
and 30/70 

MIL-Z-11410A 

I is a 70/30 and Type II a 30/70 


cubic 

silver white to grey 
(solid) 6.4 


resistant to acids and 
alkalies 


Health Hazard: 

Safety Classifications: 

OSM : (dust) class 2 

ICC: not listed 

Fire and Explosion Hazard: The specification recuires that the alloy be packed 
in heat sealed inert plastic liners, such as polyethylene, in new clean metal 
containers. 

Electrostatic Sensitivity : 

Use in Pyrotechnics: as a fuel; a 

vigorous deoxidizer 


39 


Additional References: 

1) For the Zr-Nl system up to 40f-f Ni see E, T. Hayes et a!., "The Zir- 
conium-nickel diagram," Trans. Arner, Soc. Metals, 45. 893 (1953) 
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